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•NOTICES* A<SM»« 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. Homo sapiens erythropoietin analog which consists of amino acid sequence 
including at least one additional glycosylation part. 

2. Analog according to claim 1 characterized by glycosylation part being part for 
N-joint carbohydrate chains. 

3. Analog according to claim 1 characterized by glycosylation part being part for 
O-joint carbohydrate chains. 

4. Analog according to claim 1 which has at least one additional carbohydrate chain 
combined with itself. 

5. Analog according to claim 4 characterized by carbohydrate chain being N-joint 
carbohydrate chain. 

6. Analog according to claim 4 characterized by carbohydrate chain being O-joint 
carbohydrate chain. 

7. Analog according to claim 1 characterized by being manifestation product of 
exogenous DNA array. 

8. Analog according to claim 2 characterized by asparagine residue having permuted 
by location of either [ of the amino acid sequence of Homo sapiens erythropoietin ] 
30, 51, 57, 69, 88, 89,136 or the 138th place. 

9. Analog according to claim 3 characterized by serine or threonine residue having 
permuted by the 125th place of amino acid sequence of Homo sapiens 
erythropoietin. 

10. Asn30Thr32EPO; 
Asn51Thr53EPO; 
Asn57Thr59EPO; 
Asn69EPO; 
Asn69Thr71EPO; 
Ser68Asn69Thr71EPO; 



1 of 2 



Best Available Copy 



4/6/05 11:02 AM 



JP,08-506023,A [CLAIMS] 



http://www4.ipdbicipi.go.jp/cgi-bin/tran_web_cgi_ejje7u.. 



Val87Asn88Thr90EPO; 

Ser87Asn88Thr90EPO; 

Ser87Asn88Gly89Thr90EPO; 

Ser87Asn88Thr90Thr92EPO; 

Ser87Asn88Thr90Alal 62EPO; 

Asn69Thr7 1 Ser87Asn88Thr90EPO; 

Asn30Thr32Val87Asn88Thr90EPO; 

Asn89Ile90Thr91EPO; 

Ser87Asn89Ile90Thr91EPO; 

Asnl36Thrl38EPO; 

Asnl38Thrl40EPO; 

The Homo sapiens erythropoietin analog chosen from the group who consists of 
Thrl25EPO; and Prol24Thrl25EPO. 

11. The analog characterized by including the adduct which consists of one or the 
amino acid beyond it in the carboxy end of erythropoietin, and said adduct having at 
least one glycosylation part. 

12. The analog according to claim 1 1 characterized by an adduct changing from the 
peptide fragmentation of the origin to the carboxy end of the human chorionic 
gonadotropin. 
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DETAILED DESCRIPTION 




(Detailed De^npdoo of the Invention] 

" irirvennoe - tin Lhtied Statar^teat repr^tiou07ih ofSeptr^rrher 8, 1992 erptscttioo / No. 942,126 - il uconnnaaben appfacatioe ■ pen This irrventicu relates to (he riryThrTipotctin eadog which bus teVhooo of »l k«« oo. flyeo^fatio. prrrt. ee the re^rxagcxrenir of rd least o«e gf>xs«ylalscre 
es to (bt DNA enay and hst which carry ool lie cock of thia erythrop " 



a firy thiuyotcUii (EPO) is rjycoprotdn boraoac which rscrtiapaSet in the nmtnretion lo en erythrocyte from an crythron precursor ccfl. Erytfoi^xjtctia a indispensable to the fevd control of the erythrocyte b i blood Poor. Nature! tt 
tcrni. aad edulfs kidney, circulates through tba trmck ofbtood, aad rdrrnilates production of in erythrocyte by boot morrow. An rccrcirac cause is rend failure afmoel tracxMptxrrsrd, end prrxhictioo ofthe erythrripoietia from lbs kidney frilh. When ased (or the [hempy of the d 
erythropoietin comidei drroeic rend failure as ■ cause produced by the gene engraeenag leebtncriie of mrdrrng (he heat cefl winch carried out (ha erettxfotmenoe of tht erythropoietin with the gent maich oma out ■ axle dscovering « proton product, tlx kao»kx%B of the d 
UrjattDy,«!-BOC<gbthtc^^ 

■Jailiir^ rime, ltd Hotvcr, it ia not proved (hat urine aythrop&ctxa is valid ta therapy ufl today. 

kknrificando of the gene which caniea oat iha code of (ha erythropoietin, doamg, and a m c mfcs t at ioa are radicated by U.S. Par So. 4,703,001 of Lin. The wriaea cotneat of (hit petal ihafl be raduded ia dsadeampcioa. Left end other* US. Pit No. 4.667,016 ia 
ra cnaa g i ng from a cefl culture medium tod refining cTylhuyutctia. By making the owmmala boat ceil ooeJaining the crythroporcan gene on a rccomhtmhon pUgtaddjacoverbwactrvr rcooerriraatsoo erythropoietin, aad collecting ttfese, Iha erythropoietin of aa siddi 
for Ihe first time. Furthermore, the gene texrococc wi ealved. and nace it became poaablt far pagificaaoa protein ta oocoe to band in a large qaanMy mote, Ihe action macfaaaMm of this protein ia also town conch mow wefl. 
Mach the cdl surface prcacia and protein which arc produced by the euknryocic cdl are crrJbclhshed by one or Iha obgnsaccharide ~tir»t beyond « TV;. tjMBfcarioa ™n*A glycrscytctrna tn TtTtgrmH fffrt trrt [»-— '-t- r*-y~— 1 py «a ^ ~ [-^-^-^- —J Mcretioa. — d igp -r— ' 

l^ycoaytaboa lack - a catue - ectmry - moal - ct tt iacotkcied, withoet coopkirfy bavma; 

li ii pencrattd in Ihe ipeci6c kocaboci which met Ihe pofypcpbde pnadpal chain, and gfycoaylatiop ii umally daacbed into two mold*. i.e. O-aaaociabon, and N-ataociatioo. wbca (btmiss a part of amy Axa-X-Scr>Thr(Xcan ehow tha anxno acidof arbi Iraboa other (haa a proline among a faramla), an Ojoist 
ttttw»— to both nde* b N-acoyi ncoranamc add (b (b* text, it n hcixxibrth called a ubc -^Q A " ^ -~* "— ■»<" rt» «^*- ~ v-^^h .si.j.-^^.^Vmliji tnrl ti ft jrairt i<i | .iaa»i luiih . iiali n> iimallj t'ni acidity to a glycoprotein by bariog a Begabvc charge. 

The >mth adra of rrnrrr#natr?ii TrylhrrriTtrtiTi (H it *irr*~n4 hi i Bmmb Ml) Hitrb ham rhr anaao arid fnpmtrT 1-165 of liocoo rapacas urine origia crylhropoicbn and Hocno tapicai erythropoactm cootaia three N-jcrni obgoaaocbande cbemtand ooa O-jotaobgoiaccbanda chain, end (beae cbainaooaabnue 
aboat 40% of the total mofccnlai weight of a glycoprotein in total. An N-joint g)yt»prD*cin ii prodaced ta 24, 38. aod the aiparagiaa rraidae of Iha 83rd place, and an O-join! gryroproean ia prodacxd ia the joint rcaahic of tha 1 26th place (26 1 Lei el at. J.EtioLCbcm 3 11 6( 19*6* Brotadyetal. ArcbrhiodkeraBMpbya. 
26S J29 (1988)> II became dear that an c*gc»cciaride chain waa enabefhah^ 
1 83,102(1960); GobhaMrr tt aL. J. Biol \ 

Cbem - 249 eact 4202 (197 4> !l b exriiined thai thU bebarior U be«™ aaUto e I3J5(I974X Momfl tt at, AabwcD d at. 

McftochEnzyatol50J87(l978)). Thercforo, eryThi tyu ict u i baa a vivo bwctrre. <xdy wbca it a ClAL-trcd «o that anoctaooa wish ihr brochag protem of bver may be checked 

Tha rok of Ihe component ofotberam the oogoaacchande chain of erythropoietin ianot fully aorvod ll became dear thai the erythropoietin ckgfwooxyiatKKMralackictirery waj mamtaimirg in n tro actrvi tv althoogh in vtwo »cti viry ia (alH^ aoeahry a» oo nyer cd wifh a r^yexsrytxaen cccsh (DesxU ct al, EaikiorTiulogy 
1 16, a 2293(1985X149 paim, above). 
. Hcataw.iflhanaaJataaaeauc^lhea 
rapidly (263 Dob* ct at. J.IholCbem 17516 ( 1 988).) 

A riycaaarc4era bka eryOtrcieKaetiB n»y be divided iite L 
J.Bic<betn S0^1972> SfadM d aL, Bk>dmMe^ 

cfctermrned Ftmbermore, Ihe correUboo of the iaoelectric poisti of fractionation and tboae bioaebva was not tolvcd al alt dlher. 

h waa reported that two crythropoaetai ft acb twa h oa D obtained from the fcycbtixyl apaota cto o rn atograpfay. ie,. fract ao tt a t wo, and F ract jcawaeai IIIA hayo tha » 

cartobydnte antlytb abool F r a ca omaoc D and Ftwcbooanoo V3A, it became dear that Fractwoaaoo D bad a larger average ckbe-add cooteat (ban Fiactjooenoc IHA (Dordal et at. above) 

One ooyect of thil inveotioo ia offarng tba iio form (iaofixm) the erythropcaetiB which baa a predct uiiau e d cialic-acid coobaa and bioacbi* ha vtng been aeparaied and iaolated Prooabry, the remedy cooabtacat cootaining Ihii mokcnla will be naefe] al 
Oclline of invention Tina iavcotxxi rdalea to the Homo lapierta erythropcaetrn analog wtneb oooaiga of an amiao acid teqaeace nadoding al kaal ooe ackfabocal riyroayUbon part Aa a roaalt to which the riycotybibcai part war added, rafter Iban Homo ta 
and haa the tagh nabc-aod coeseni. Thia tnventiop oflen the crythroc<)tetn analc^ which ccaaaw 

erychropoiean. and Ihia adjsad providea with al lean oeie gtycoaylaaoo pert ia alao incfaded by thia iai^tntioB. Thia eavenboo rndada (he tecoriianaoon piaatnid and hoc cefl ayhxb make the DNA array which carrica ota the coda of thia erythropoietia aaalof. at " 
Eery errtanaaoc of a drawica Dra^Tnq 1 daiwi iha iacdee4ric>focoa^ tad fcr aaacrvM tbow the iao fa from (be eebacjdity ^{bigh ( pJ C of a bat 1 to the high aocHty (tow [ pi J) of a Uaa 1 1 . f 

containing the routert of the iao farma9-]4 ia tbown in tha lane of the lefl ealofget and a right cnd. 
Dn*mg 2 ibema the relanon ber*-ecn the atuTiberof the tialic acxbof each erythropoietin iao fcrm, and the m vivo tpeci&c aco'\ity of eacb ISO (brrn in tha nail <ointi) per cTy-throcx«tra poiype^Jtida lmg, la dr»*-mg 2 A, [be coocetarancei of eaci eryihrorxitetin iao fixm wm meaairred by Biwi*^ c^T^tein aaaay. tn 

Drawmp. 3 ehemi the laodcc^nofocnamg gd far anahysa of tba piwli Ii I raped taxlnra of a ncomfataa&OB erythropoietin iao farm prepared with Ihe anion rrch a nge chrotnaajgiaphy under variotta ooodiDona. Eacb of the gd leaca l'b chcwi the crythropotetta tao farm da l ed in the tagh tab penetrant remover aAcr 
waasing O-aepbaroae higb-cpeed rtyfc eaten, Msg icapacb vdy b acctk acU 

el al and tbc above - the proctchire of a pgbhicatiot] ia oorrocttd lo the enanyte 2 of**, aad the pgriScanoa reoonbinabori erythropoietin containing the iao form naxtme which replaced with the DEAE-agarowJ chromatography and waa obtained ming Q-aepharoae cbroeoalogyaphy ia ebown in the Vefl end lana of get 
Drawing 4 ihowi acpaxabbn of Ihe erythropoietin iao farm 8-12 acmnrod by giving (he inclination of gradual decreaae pH aad gradaal increase tonic strength to tbc cdl Coocntiooed medium used far the colmnt of Q-sepheroae. The aliquot of the fiacboMnoo of the eves number from frnctwewboe 2 lo fracbooanoc 40 
*"aa haag oo iaodectric tocuaing for aaalyiia roorrovcr, Lai et al. and the above — (be procodaia ofa ptiblicaboa ia corrected to the exan^iic 2 of**, and the pcribcatioa tecoinbinatioa erythropoietin coolaimng the iao form naxture which replaced with the DEAE-agaroae chrotrjatogtapby and waa obtained itaiag 

* The terine rendae mrx-lrithcd with the Q-)oral cerbohyclraat chain ia mows. 

Drawing 6 A. »ad6B and 6C tbow a aenea of dotting pbeaea uaed tor cctjmacboo of a Homo tapieaa erythropotctin analog, tad prodacboo of the piaarnd tot anaryaa. These anaJogi have the amino add variation which givca an tddiboiid glyojaytaticaj pert asabwa ia dja«iaL5 ■ 
Drawing 7 tbowi ihe Waaaa-ibfat aaalypa ofthe COS cell ttaxrnatatg toad of Homo eament array erythropoietia and the ervthropoietra analog of a cantac display. Ata9, analog [Scrl 1) EPO. (AntW) EPO, Am 123 and [Sir 127] EPO.tod Pro 124 and fThrl2S| EPO ai " ~ 
example 6. Pro 125 and analog (Tbrl 27) EPO ofthe addition which doc* not contain aa additional caibcbydrare chain far a oompanaoo. and Am 126 and [Serl28] EPO are tbown. 
Drawing H shows the Wetaan blot analysis ofthe COS ceD mpematatn ticpridof the Homo sapiens amy ctylhropctctfal after N-glycanaae procraa'ng. and Iha erylltropoietin analog of a gntpek chapUy. Analog [Tbrl 25] EPO, and Prol24 and [Tbrl 23] EPO were bedb in the ptexadara of a pnblicatiiOD ia (ha example 6 
For rhecceaperiaoa, analog [Vail 26] EPO. [Pro 1 24] EPO, [Prol25] EPO. fThrI27J EPO. Prol25 and[SerI27] EPO.aadThrl25 aad [Ser!27] EPO are ibown. 

DrOTw9 *ta^lheisr»t4e c tri» IwihcriTajc-, Lm d at aod ma abo*-e-(l« 

rjrocechmofapebbCTbbnbc^ kO end of gd, aad a right cad. 

Drawtng 10 thowt recorrtanaboe Homo tapteaa raythropotetm (rHaEPO) aad the selected Western blot analytii ofthe COS cell rapeToatarit hqnid of aa analog. Cooatraction of aa analog it radtcatcd by Ihe example 6. Analogs N9, N14, Nig, N19. >^1, N24,aadN^9 hevr al re^ otwackbtaciead caibobyO^aJe chain ao 
■bat it may be proved by dday of gd mobility 

Drawing 1 1 tbows the Wraaern blotanalyasof the COS cefl mpcmatanl bqaid ofthe reoon*<Daaoa llocno tapxat erythropoietin trader N-g}ycaaase digrrboo. aad EPO NI4 analog The overmgbl 0. 4, 12. 45-eninate Apaboa. and digobon beck wea coaaiofaed aa the mcaaarcmcal eveat 
Drawing 12 tbows ihe iscedoc^ 

analog wtach ** (be low no form pool of the isoelectric pcenl per molecule, and haa 6- 1 2 raalic acida 

Drawing 13 (4»c-m IJxphiaTrrawb Homo sapiens erythrorxxietin afttr rrr}4ctrag intra veaously to s rat. the iaolalion iao form 1 4, aad EPO N 1 4 analog (iao form 15-1 7) 

Drawmg 14 tbowi tht iw-trnraperatiire penraiucion aatayof 125! iiaiaator recocaStratjoo Hcnrio ra^tem erythropoietin comfctned with an erythropovctia acceptor ondcT rri itenct of the ooeMndjcator rflaEPO of Tarkxia amocaitj. the iaolaooo no form 14, or EPO N14 aaalog. 
rU irid which ootrsaam i)x a>^ 

r» tht iao ferraof erylhropoicba Probably, (be crMhropcaebn iao forms aad thoae properbca ofthe ipodncatioc obtaiacd by thia invrnboo difc from each other varioady acccrrfing to the rotrroe ofcartrng makmal. Fee orarrapfc. rrrine origra liomo taprnra crythrotntctrn iao forms 
rythropoittin iao form In a dcarabte cmbodimeat, tha invxaboei rdatea to the eiythropcaebn rao form where it haa the cahc aod of the ■rarnt^ of tpecificabon (namely, larger rxadcttmnncd number than 0) chogn from the group who coemaUof per [ 1-14 ) erythropoieba 1 
cr is 9, 10, 1 1 , 12. 13. or 14. In another ensbochment, (Us number ia Urger than 14 and is 16-23 preferably. 

» \ Drxcemng meaaa the eryllm^po^ prraperabca object which haa the angle isoelectric point (p!) road haa the rarr« aniiiM acid recpeace. The vocabulary "erythropoietin- trythropotean ( wt-ch is used in rbisdeaoiptroa ] B 






The knowledge of that (he iao form according to individual of (he rccorrrbination erythropoietin which has Ihe amino acid sequence of 
having Ore in vivo activity relevant to the rrurrrbcr of (be sialic acids which this iao farm has was carried o» 
In a desirable errabccfoircirt, erythropoietin it- Ihe rrramfcilaboo product of the exogenous DNA array tn 



No. 4,703,008 of the Lin name cocrtirned m tib dcscrrptxjo accorthag to (he procedure of a ptrblicaboo by refereace. Rxcotxabrnaboo erythropoicbn ia refined by (he example 2 ofU.S. Pat. No. 4^67^16 of Ihe Lai i 
corrects (he procedure of a pubheanoo to Lai'i sad others example 2, replacca it with a DEAF>agaro«e chromatography, and may be refined by (he proceaang using Q-«epharoae chromatography 
Lai ct d. and (be above - if IEF analynea ibe crydmrpdetm refi^ 

iao farm, a certain kind of charge contains the oort-siahc-ead negative charge ia it, since it tbows resistance to altitude to sialidase digestion, rather (ban it migrates to > 14 sialic aod oo IEF gd) . The mutual difference among these iao farms is based on the difference ia a sutbe-aod ccasaeat As rhowa ia aa example, thia 
isoUtot tea iao forms by IEF for preparative isolation, aad ia proved by mcaaanag the bahoacad content of 6ve of iao forma [ them ]_ The knowledge of five iso fortm tn the iao form where the cahoecid content waa autbociard coertaimng 9, 10. 1 1. 12. ot 13 sialao-acad residue waa carried Oct. 
Reta&oo between the rdahve in vi TO specific activity of erythropoietin aad the rmmbcr of the aalic-acid rebdae per erythropcietia 1 molecule of the iso forma 5-1 1 is (oo these oeacrrptwtra, each ISO form ia aamed baaed on the rrumber of Iha oaFic acida per tryTbropoieba rrcaectde). The iao forms II -14 havu almcral 
equal rdativa in vivo ^edfk activity The in vivo activity of the i» forrra 5- 14 ia authoriied by the bioaasay of the polycythemia mouse which ia not hypoxia (eshypoxic), aad the abundance of each LSO form ia meatared by Bradford protein aaaay. the abaorbaace of 280nm, or (be ra^bcerraratraoasaay (R1A) for 
tsythropoietrn If the division ofthe measured value (Egrie et d. aad lirrmoc«bic4ogy 172 J 13 (1986)) of R1A ibo»a by the umt/mt is dooe by the tveragt tpeafic activity of porificanoo erythropoietin, i.e., 2 1 2.770 nmta / mg erythropoietin polvpepbdn, measured by RIA, Ihe protein cottccatrabot) of a tsalabon iao form 
or iao form misture will be obtained aa mg of the erythropoietin polypeptide per ni Aa rbown in an example, relative in vivo rpeofic activity incrcasea gradually from the iao form 5 lo (he iao form II (table 2). 

in vivo in (his description - rpeci&c activity - the vocabulary meaaa the measured value of relative tn vivo rpedfrc activity, and does not mean the measured value of absolute ia vivo rpeofic activity. In this application, the same assay is rased, the anbne] of tbc raare t o ndit i u ta also rat hah ng the tame interna] rtandard 
and the tame daasia naed, the tame date anal ysisaacouatof^xo fie activity ia oscd,and ooly ia order to corupare the rdanve activiry of the iao form authorized uaiag the taine protein cotrsem meaamrmeat aaaay, speoric activity ia used. The in vrvo rpeofic activity it waa reported (bat (be iao farm of arbitration waa 
does not show, the characteristic value, i.e., lb* ahrrotatc value, of thia iao farm. 

This itrveabon offers the constituent which coabtti of two Of more torts of erythro po i e tin iso fonts again. In the one crrrbodrmcnl, a constituent consists of the trnxture ofthe iso form where it has more tialic acids, for cxarrrpte, more babe adds than per ( II ] erythropoietin I rrrotecule, than a predetermined number, or 
rrroreriaiie acids (hen per [ 12 ] molecule, lir example, the rrrixtort ofthe iao forms 12, 13, aad 1 4, per erythropoietin I iraalectila. In *tk tJttilhCT roabc adctpcr 

erythropotctin I molecule, for example, (he nrixtare of the iao forma 9. 10. aad 1 1. This iaveotiou offers Use coecrtitucal of the erythropotctin iao form march iadudes aa iao form rn tbc same relative amotrat or a difforeat rdabvv aroosal again. For cxarrrpte. (beae rao forrrat may exist in Ibe rraxtare of the iao forrrra 9. 10. 
and II ata variooa rate hke 1:1 1, 2:3:1, or 20:20:1. 

Preferably, i cotAlscat corrrisJaof the nrixtare of res* than four rorts of iso forma, far ctamplc, the rraxtare of Ibe iso forms 1 1, 12, aad 13, Ibe mixture of 1 2 and 14, or Ibe mixture of 7 and 13. 

This invention offer* Ihe approach of isolating the sd acted erythropoietin iso form nrrrdlaoeously again, in order to produce the rraxtare of an erythropoietin iso farm. These approaches include preparation of tba iraxtrrre of aa iso farm which haa tba sialic acid of a pearaarannaasd an 
1 1)per 1 by reclxtrioue hke isolaboo of each iro formby technique like iroeleclnc focusing for preparative isolation, ion exchange craonaUvgrephy.or isoelectrK clrromatogjaphy molecule. All of thcae tcchnkjuca are Ibe trchniquca bared on Kparaboo ofthe protein by tte charge. 
GeacraDy, in ton exebenge chromatography and iaoelectnc chrocnatograpby, a pen or all of an eryrhropcaetia rao form uses rocgh Hoeno rapieat rjytbiopoietin (cell cocahboced medinm) or the pcrityation nratter under the cooditiogs which can be cocsbmed tvifh resin, ta the caae ct 
object it ta dearablt to add protein in pll about 7 oolumn, and when it is a ponncatioa preperxtioe object, protein can be added in tbc cobram to the reven or leas pH abbreviaboo pH 4. Tba rrythivvoiclin iao form eorobrocd with the ion exchange column ia made duSad by mclriag pH aad sab oc 
aolutiou after washing a column increase with pH about 4 buffer solution, or aang the inclination of the gradual increase Kwic strength of gradual decrease pH ( pH and ] 4 ( about J. Tha caae of taoetectnc cbrocmrograpby makes an iao form clnred from a coluaxs by warbrag a colum with a hi| 
the irrdinatiOB of gradual decrease pH. 

la the desirablt embodnreiii, each iso form is isolated using ioe exchange chroeriatography. As aa exarre^e, the iao form 14 waa iaolated uaiag ion exchange chromatography tike a publication in Ibe cxarnpic 8. 

as of Homo sapiens erythropoietin aa a result of owner Ptrilla fruicaceai (L.) Bntkn var crirpa (Thunb) Decac. or ( that an analog metes (be part in which glvcotyUtjoo is poctibli tnoeaae ] - or it is produced by tbc tire dr 
cid residue to mutate. Such aa analog nay have more prsns hr ai (ban Homo tapieaa erythropoietin of caibohydrats chains 
an r^yOrropoietin analog of this invention cotmrts of an amrno »od requeue* iactudiiig at least one additsotial giycorrytabon pert. The tnalog winch has the nalic-aod level exceeding the levd obaerved in Homo laptena r^ythropoietm is produced by .ddrag (he gtyeorrvtatjoa pert wlaich doca not block recotidarv ( 
reejriired for bfoactive ]. or Ibt Miyordn cootbtTimtioix Prefcrably. the Homo nrpiciia oythropotetin analog haa 1 , 2, three raddiboraal N^ycc«yUciou perta, or O-gfyeoryUboro part, and 1,2, three rdditioeal N-aaa cdtt i o ti, or aa O-yarrt carbohydrate chain ia added. F^ourrrpee, if ma tcarciae of Eh* 69th place ia rscrrrjraSed 
by ibe asperxgme, anay Atn-Leu-Ser »iD be formed tnd llni wiD ea ti 4 Li N-gtyccayiaboo pert. Socbt variaOoo can email voffc four or kis wkb boor] tialic acids per mulecale Tba example of the varieties which produces an addttioead O-dycarvUuon pert is Che variabou frxxa each ahtaiac of m Ooeoe une . the 124th 
place, end (be 125th place to [ from the alanine ofthe 125th r^la« ] a prdirre aad a (hrrcerinc. The rranlog NOl cad N02 which has one or additioeaJ >^4Saociatiou bcyoad it. aad O-joinnrg cbaia. for cxarcpte, aaafogs given in a table 5, may b< bttih. Although rt will rrrobebfy be dear to Ibis rsotracSor, Oras iavxstsoo 
tndudea many other analogs of the Homo sapiens cryforopotctin which haa in additional glycosylattoo part. 

The analog which has Ihe carbohydrate joint levd which increased to the glyceryls tiou part is also iaduded by this invention. Such an analog usually iadudes one or Ibe amino add subtti tu tics beyond it very near N-aasooa boo or the O-brnhng tile. Probably, aa a result of these amino acid varkboa, the rata of cn 
erythropoietin polypeptide of havmg carbohydrate qnaliacabcn is increaang. A natural ttodcnt is mtacicnt as a glycosylation part, or it nay be prodacxd by rnotadoo. For example, an analog N 13 does oot product cn eckhtiond carbohydrate chem. even if a glycocybuioa pert is introduced into Ihe 83th place. Hrnwrvcr. 
fhc cnalogs N 1 4 aad N 1 8 which have permutation serine residue aad permutation valine residue b (be 87th place, respectively have Ibe additional carbohydrate chain in Ibe 88 th place, 

Thia invention offers (he analog which it has ooe or the ensno add beyocd it extended from the ccrboxy cad cfcrythropoictis again, aad a carboxy cad extension gives it least one ackhtioead carbohydrate pari la the oot crdiodrmcrit, the analog was buill by urntiag 28 caasto acid of 0w oartxxxy cad of (he humea 
chorionic gonadotropin (HCO) with the argimne residue ofthe 166 th place of Homo sapicmciythropoictin HCO-carboxy cad fragmentation has four O-glycoeytation parts (254 Kessfor C4 il.. l.BtolChem 7907 (1979)) 

Tables 3, 4, aod 5 are hats of erythropoietin analogs which have adchtiond Nwssocutiou end or an O-jotnt carbobydrala chain pail The analog has the serine or threonine residue introduced an drat il night have Ibe AaB-X-ScrrThr array permuted in Ibe various |«*f«*W'llf ia a Horn ■errteat) crytbroeroactin pulyprptide 
chain so that N-boodrng site rdgbt be produced or 04sonding cite might be prodaced. 

A table 6 ts tbc fist of the aadogs to which al lean! ooe adebbood N-asaoctatioo or ooe aoxhtioild O^oial carbohydrate chain is added, or ackhtiood rv r~~~g ^hein irr n*M *frrrf'* ,> *~" > y. M prosed by rt»^ t /7-lt^~f^ff2T*T****~^ <: ' nK; t^(V"^X*" 7 ^ The analog whacb baa oera or more 

adrbbond carbohydrate bonding tires does nor necessarily become (he erythropoietin molecule which leu an additiond carbohydrate chain to that dearly from tablea 3-6 For exarrxile, although an O-joinl cajbohydrate chain ia added as a resnli of the permmaaoe of the thtece nae teddae of (ba 123rd place aad lbs 1256 
place, Ihe penrmutioo of tbc rertne of other locations or a threooini does not produce the analog which haaadditioad O-voimng chain (table 4 reference). However, aa a result of Ibe permutation ofthe 30, 5 1. 57, 69, 88, 89,136, and the isparagine rendne of the 138th place ea a liomo tapieaa crythsxxpnictia asruno acid 
aeqaeace. N-joining chain U aoVJed to tbese parts If HCO polypeptide fragmentation is mated with the crgimne rcudae of the 166th place of Homo taptena erythropoietia. the erytfoixputctin-IICXi fusion molecule which haa at feast two arhhnocd O-toinl carbohyebase ebcoaa will be certaiacd. 

The erythropoietin analog of [his mvent>oo iadudes the erythropoietia wfacb has in ammo aod lecpieace ooclaiarag foe reamagcrCTi of ti teasl ope glycosyUaoo pert again Aa exprxxaoo caOtd tbi reamngemcnl (rearrangemear) of Ibe glycoiytation pert eaed ta (bra drwrrpcirm meajs addttrori of (be dehsaoaoflaa 
|)>c»ykbM part brryc^ 

rerpectjvdy. However, tbc analog potable [ ofthe carbohydrate pert of other a large number kiads ) cad obtained may hive t number of rjyoosy-latioo parts which increased couriered with Homo eaprens erythropoietin, end docs oot need to hsve them 

Tbc in vivo bioactive of aaafogs Rl , R2. and R3 is cnalyzed. end a resall is thowu ia c table 7. When N-jomrtig cbaia was introduced into Asa88, brtxactjve was recovered to tbc erythropotctin hi whacb dlher of three natural student N-botrchng sites carried oot dateffora. Thcae results tbow Aral Ibe focatioo of the 
carbohydrate chain in erythropoiean nay be cbenged, to order to produce t naefrd analog, without having ugm Scant effect ou bio^ve. 

Moreover, thr DNA army which carries oat the cods of the analog wbkb has one ot Ibe cxrnca add beyond it extended from Ibe erythropoietin analog wbkb has ccVbtjood N^raooation aad-'or O^oimng cbicn pen, the aaalog which has tbc rauTangtnxenl of at least case ca rb o b y dt a sc d 
tnd of erythropoietin is alao indaded by thij invention. The procedure which rntrtxhices variation during a Homo sapiens oythropoictin DNA array the rmking t carbohydrate bocabng ale generate and making il rary object is indicated by the example 6 
The mam testation product of tbc exogenous DNA array produced by lecortsbinani DNA technology is taifficient as these erythropoiet i a analogs, or a synthetic product is oiffident is thcra As an txogcnooa DNA array, cDNA, lbs gcuocac DNA, or ChemcaynfJras DNA wi 
analog occurs. Tba mamfcslatioo of these analogs is provided dao with a osefd recoertbinent DNA t4*smjd «ad cn eukaryou nature boat cell. There is a vector used rn order to make the UNA array by which ctennng was carried oot diroover ts aa expression vector ia the vector of the cr 
retrod cell tapcoaDy COS. and a CHO cdl. As aa example of this vector, the platnrid pEC of a putekation and pDECddta ere in the exarrrptt 6 of tho description Cd tare of COS which dircoven an erythropoietia aaalog. aada CHO nod ccD w 



re of tha origin era obtained by the erythropoietin analog trsng the preparation epproech 
prepare each iao form or iao form mixture ofthe origin to in taythropoietin Irialog. it ia desirable to use iou exch 
An iacrement of the omrsber ofthe carbohydrate chains of erytfe 
rerxuahdHifo.nd " 
ia btc*cti \x is tsMSyztd by tbc 



chdaadditicmd tolbe88thpl»catbc>ws(bc2 to 3 times higher activity of Hon 
The iraxture of the iao form where refine tv 
^ for every fri 

e U ta chowa thai Che resxdt of »c h 

e. Therefore, Miiwwnddrawxiig 13. d^ 
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M ofta b vivo WH&. ad the 

cr ovary cell, CHO) hoc cefl which cocyoundt prearorbttty a Homo tepeem cryThrr^»oecbn iaa form oc the cryrhropoecba analog which has mora babe acid*, fa rxnyb. moan babe tods flura per ( 10) 



number of s pebS ca bon pet mofacnfe The erylbopctcba arobcab hn K. ».«nri«r«r» ~ r^frrt ^ttr^e htiiiV 1 uru c nire which ray tinsl (he abbe-acid coolest of t mobcute. For example, although be N-roial c^rxxcaccberide (bar breaches) with the bar milium escboas pvex bar aabc-acad ccrrtbraabb pan* 
j^^riy ri»^j^^h.^4.^^i^fm«.ia.»fc. ■ /»■ ii— >»~wfc^. -.-fcL->. /-». p~-~..~t ^ .fr. ^^p^pf,. ^ T rr , TTTt ■** « four-branch form b anally oary corxsbaabb with two piece* or three sialic acids or lett. Aa Ojoim txHexxcaceJaeridt oxutfty pves two mtbc-acid beading Da Ther efo r e , an tryt bupu t cun 
molecule may receive a Iota] ofU C1AL residoe, if the gairfrcr of « 0 ttgra N-txodigg nail four. The cefl wtoch adda At chara of four branches 10 recrjentxnaboo crythropoichn prtfacobally, end caa offer the nsbo^cid bending bib of the nsaxjnxam rranxber by tb* b screened ftota a aiariaTM I i «0 calova object 
da N-joial oligrteacrherick of arise erythropoietin - a rr'""*"~ - receiving - abba - 2, 3, end abba - the tube acid is contained by atsociaboa of the both aide* of 2 tad 6 (Tekiucb el aL. J.BbLCbem) 

263 3637(1948). Typically, (he babe aod of abba 2 and 3 taaocbooa ts added P tbc galactose oo a oanaote alpha 1 tad 6 branches, tad tba babe acid of alpha 2 sixj 6 axaxutioa a to d« pjac*3ae oo i rmmioM alpha 1 and 1 hrat*^ TW r n7 yn^(r > T N-ta-plar^Myk »>p*« ?. thre» .talytnra&rxxrx tnd (ha 
beta-r^lacloeide alpha 2. ax baiyltreaxfcrescs) which adds (bear babe adds adds a babe acid to a merxacaw alpha 1, bx branches tad a mannoae alpha I , taxi thro branches «nj effibexBly, respeebvefy. 
DthydrobUk reductase (DHFR) Ockboo Crane*, hasoacr ovary cdl (CHO) 

A cell ts a bo* ccfl of daily ate for rcrWantboo tfyeoprotcin prcdacbou tiki rcconxbtnaooc crytbrcxsoaetia- These ceO* do not add a sialic acid lo lbs N -joint obgotaccharidc of the glycoprotein which did not discover the enzyme beta-txlactonde abba 1 and mx batyttitasfcrsscx, datrefeee waaptrxdbced ia these ceO* by 
abba 2 aad 6 anodtaotv (Mutsaerx d al . Ear J Bjocbcm. 156, 65 U (1986) Taktachi tt al, J ChrocxUO{r. { 1917)) . Cooseqoently, the recon*iaat>oo cry-thrtroictio produced ia the CHO cell l» caiTjinj oat dtktioo of 2 aad tba atlk acid ctxmrxned tit lima la tW cxlacsoaa (Sttati cl al ,(1^*7), (ha aho»r^ 

Tttrada ct al. ( \9S7\ abtnc). 

Vn Ttr^hrr •t*"-* , ' , ~-' ~r »n^- p^». ery^occbtaoraacr ylb^Po i eXB j itthi ft fr - f^Til Ht l>r / ~lt A t-~^~i --i'fc the (bsxaictaal bat j p lact aaida abba 7 r*A ft *iaJytei*Baerasa jeaa, i» imiw » tafmrwnir a liaKf anal ibb) 7 «bH ^ nmrntinii >i i pKtw Ibf ^u\mA jtn 6™ - abba 
W t gxl^soaa - the eiahc acid obeb has the both ndea of 2. 3 and alpha 2. and6 axaciciatwa jtqartgped - 1 will cocxioat. the pabbcatjoa of the axhiikiua a-bcb prodaccs a qoahScaboo CHO cell or other mtmmelt hog eeflt- beta| rtUtcd - Lxa t« al tad J.BtolChcm - p4easa refer ta 264 aad 13*48 (1989). Tba 
wrioca contest of this reference ahaD be metnebd ia Ibis uVuuiptiuev 

The remedy coos&tncnt whtcb oooitias the spedfic iso termor the iso form nutnre of a therapy efbetivs dcaa ia aa erythroooieoa therapy with a tsilabb ascfttl diraeat, aa adjavaat, and or topport is also rnduded by the rtap of das mvtaooa. The remedy crxxgatarnt which cooains 6b erylbxxpcaatai anaiog of a 
Iherapy cSectiTt dote with a sntxbie dihteat. ta t^nvaai, and or icpparl it also inchided by tba reap of das tavesboo. The woeabedtry a 'therapy effective dote* cfbcbn don ( which is esed in this ckscrrpooo } Becocnins; means the anxxtai which fjvet a enratr** effect k> a rjna tyavkxa aad aa a itnaiiiwt ticai 
method of carina, Al for adnxtattrsnoo of the iso form of Homo itpacxa rjythrrxyacria. or ta crythntAjituji taxtog. being based on a ptratrra] paA ts dcxtrabb The tpecifsc paa chosen is drpcndcnl on the coachbon of diseasa Bxaied- Tbc iso fcrm or erythrr^int aa anabf of Hcano txajaens crythrejtxjattrn b yn^iixd 
fyihapalaa«a«iotoepbtnrtaca^ 

according to tht arveriry of the condxboa of disease tretsed, the presLribtng ( for the patieat }-a mcxacina method oscd. 

ll naiil ao< be tiadn tk»xl that ftey trmit -»-»»♦ of thb ia^atjoa alfhoagh rhe fcasnwina; t mi^A i p» givea ia order lo mora ftJly expttia das iarcatioa. The crytfnrxpoartia criterion ased be the ia vino bioasaay ased ia the txampb b eBradardhrd to the arine crythiivuittia cntcnon wbacb carried oct pi 
Therefore, only relative in mo apecifk acriviry b oieasared. Moretnxr, iznce the cxd crythrop<tctia cribnioa was aot made k> correlake with any cxistiag tatcmtnooal eundanb ihrecrJy, aot TU/mT , TUma;", and HVAJSO* bat "a BattasT, "a eait/tng", tad "a ami / A280" shows in ' 
' xaofaaExjinpb lanennjaaxuioaiarytfa v^^ 

in lie cciractc 2 of **. The exrtmg rrxtonxl for the 2nd tod 5th ixo form bxotinoo ti refined according lo the approach oft pnbbctnoa lo l^i a al and the abo«a which were corrected » thai O-tcpoarota nnght b. ased These preparation obaoctx ooatzra rhe ixo form nxxt 
asc«Mcmc«ipnKcaix9tB{xka» 

iraed the ito form where n had nine or kexi nthc adds, tad before nnng it for the bcricttric-fccnxtag procedure for preptrma v» isofation, u refined h ferthcr with gd filtrxbon cfarocfxuoptpgy wtacb wts fnebcaard by LaT» aad orherx c 
crytlrrcexaetrn which has 4- 13 btbe-acid rebdae as Uniting materitj for the 6th bo form prepartboo was ased. The procedure of Lai't and others (rearrange accordrag lo the aocbnm chtoride inchnabon pH-eJ^. erythropoietin is eoade efntod. taC 
xTocsrd *o Ihtt the ion exebaage oohtasa which bokb nxosdy dsr iso form which exixts b tmrnag rraUerial rrtght be asod rrfiaed do* matter, 

b UCB Apr^ictboei Neat 193 rtrtrinbcaQy with iscaiectric foensrag for prerxrabva isolaboa axrng the grtsabcrity gri bed (Ulrodex, LXB)ofa etibbcanoa wert prepared. Unbga F1acrrrwrytr<}^rmacis)2.5-$ AN'HO rigb (PharrnaciaX IW rxd bad criaxttins the area of 5M. 
banaboa erythxcr«aebn b tba .adhnciM/ lOOltoaailm 
ady - a bt^ *ohtfit» (40% rtxtbatd 

xacid(30^detpx«C)40%mcthtaol/ 10%. [I dyer tor 15 naMta >! 60 drrreei C in a 0 125% Coorrww btue R-2»/-tO*-4 nethaoo) / 10% ^bc add. arxi n^w^entfy. U docc4onra ra 7.JV. rr*thtaol I 1 0% acxbc tod, and tba aqwrttod .lobrrnu rrtatlnrd L>xt»w and watr (- 1 6ml) arc added for the 
r*^(-JWofrejra)ofihepxnri^ 

b<etfer»Batoaar*ofcrmefaiad 

trtmD cohzmn (open cobrma emactnrt) which held the Vycbc C4 eppobte-phaae rob cqtahhrtted b 20% etbaoJ ' !0Tn*-ltCl of mM and pi 17.0 bnbrssaxbafly. A column b crobaDy devdoped by Tns-HCT ofTns-HCl ofTrnvHCl of 20% r4faand / lOmM. pH7.0. and 33% ethane. / 1 OraM. ptfJ 0. aad 65% ethaaoa / 
lOmM, and pH7.0. Tba macrwoanoo ehited tn Trii of 65% ethtnol / lOrnM is chlnted and ccaxfcnsed lo 1 : 1 with Trb-Ha of lOmM. end pH7.0, and, eerxaamcmly the buffir tobmoB is exebaaged for Trb-fia of 10mM(»X «od pH7.0 anbg Cxmr>coo-!0 (Arracon) nantrtaHernotnrt coa«aoaboo e^rbpnxaxl 
(micjTXCocraitrator). This prepartbon object is covered over isoelectric focusing for anatytb ia the nrrxndore intrinbcaEy iridicaied by the LXJJ techmctl nota 250 in tba polyacryUrnide gd cortUrmng (he ores of 5M abag three K> ScrvalytrJ Anxxhohaa (Serva). 

By 2nd prepartboo, tboct 26mg rr«xTbraanon erythrocicaebn rn 6.5rri ifoiocazed water u added to gd, and fccnsmg procctttag b ctmed out by 2 5 W for 35 mtnutes and al 1 0 W for tboot ] 7 hocrx. The iragranoo proaaa bend observed oo the pd bed it taxnn oait as 1 1 ctneraxt poofs. Etch pool b set lo afcoeU 7.5ns! by 

CfcMtzsd water, aad the 20mJ aaxtetnajam beptid of«ach rs 

pH7 .boot 3 trmes. aad a pttxenal totovcr bdniibaadwibabypassd 

cctxfcnscd aotubce, (abovtt 0.5rrs) - next, it kets U pass m a celjtiloae acetxte Miter wilh a caJ-ofToze of 0.22 rracrons. Bared cat tsatdectric focvixmg for anaryxtx. the tnow-ledsa of fire poob mainly rncrncmig the tragic bo forma 1 0. 11, 1 2, 13, tnd 14 is carried onl 

By 3rd prepartboo, tboot 30mg rrxxirrx^tntboo erythropoietin in 2 1.8ml chsbned wthrr b added lo gel, it carries ocl in 25 mrxmies by 2W, and focuxmg procexnng ix camed out for 1 5 mirmtes by 10W at 20 boon and 1 5 W. The protein band cceTrapcmdrng id each bo form b obaervnd with the naked eye, and it take* ool 
ltr>» a gd bed Dbtilkd wato b adoM 
Itsab a> rsssa d» Hoaid rxb^ 
isocfeciri>foat*ja^ 

la the 4fh bo form prr^xtraboo, erythrrxjioaeba (tt prepares in tn atxrvo-rrir^iboeied prrjcndnrt) incrodrng the iso form* 3-9 was ased as Carbng mafcrial. In order 10 give the AMIORAITO rang* for which it was ontxbte with the low ittrtrog n»lerbl of the isoelectric poexd in aaivanca of isoebctric focusing for pocparabva 
tsoUbco reformed almod hkr (he abovwrnenbooed pabbcabon ^>otU the preparxboB objects 1-3. rracoooarjoa of the AN' HO hght (Phtrmtlyte 2.5-5) was beforeband carried oaf b the Rotofor (B>o-Rad. Rsctetond, CA) tiqrbd phase isordcctric-focnsing tub. 13rJbrriaaad, trwcrsoanUtoc, rrxxed 6 7rri flaarnxUyte 2.5-3 with 
the ) 5g trre*. and perfonred n by adding pure «arr to tl» ctrwary of 50ml. Fractjooaaon a.aa ctmed out try hxiq 5 boon and hrroccxcag tlni rrxxtere al 10W and 1 degree C vnllnn Rolofor. unttg rcxprxrjvely the rjtorpborK aod of 0. IM, and tbc aochom bycrronoa of 0 (M ti m anolyte and a ctfhofyle. The AN HO 
fight tncrrooanon wbch hax the pH rrxrtxnrerncnt vahxe 4 .5 - alsbrevitboo 6 was ased for Qatbed rsr^eSectric foenxrng. 

The AN HO bgfit wai removed from the m lorra axing (ha foflowing 8.8 Or 100- volt parameters pH, Le, the Tns bnficr acaaboa of 0. L 8, 25-iOmA. and 3 boon abng CcntradBtcr (Anwxei, Detrvtrv \IA) and Ce^urvcoo ( Aimcoc) of (he cot-ofTmolecalar weight 1 0 (X)0 Sexl, (he beficr aorabcw of an cso form wi 





CcstricoD* 10 (AtXBOoa) device separated (best iso forms from the ANHO light. 

A pre focnang phase b da ocerecboo added m order a) mak* the eJtraviobt-rtys extincbon property of aa bo form prepartbon object into (be Ihbxg nil] aearcr to dec property of start re 
(?80nm tad260on)rabo. b the case of (he iso forrn acerarredby the rxtyarxbcaa objects 2 and 3 (pre foenxing ca-rttritgUX tatverage rano (A2S(VA260) with aa tbsorbance [ of 280cm | aad tatbaocbaac«of260pmb 1 36 *"*0.1 l.boJ m the caveof (hapirparxrina ocyctx 3 and 6 (pea fccnxin^ actreity ). A280 / A260 
rtbo u I68**0 20. i»o - if forrn » 14 are excepted fromoount - the preparxnoo object 2 and 3 fins - aa average of] of tht preparation objectx 5 and 6 ] - A280/ A260 ratio u t J9*"0 1 1 aad l.74**0 09, rexpectjvely (The iso form 1 4 cxittx by the iratamal doae, th ere foce it tx tended lo mtutaie tranate amount 
crnrtarranaboBofaa ANHO tight cc a i xx meitt b tU or. probably, has the rnoat irregnfitr tpeexnori by the reason! cbaest to ta cbctrode during the flatbed laoelectrio- foenxrng rjrocedure) . (ll conecSed ao (hat Q-acpharoat naghtbc oscd as an anion crrhangg ream) i( prepared acoonfang to Lai't and otherx cxtnytc 2 - 
r xx tnta g b a) - ta average of [ of erythrorxaebn ) - A280 / A260 ratio is 1.91~0.O4. 

Cka **— - bo-tW *tarb«4tmlerial offormpnmaratk)aiobjacttlfewa»a rao RciaoforrxjcaprncTrl hke the 4 th prepartbon. The ANIfObghl trarbnoabon which has (he pH aseasurcciiua 

values 3.7-4 8 was oacd for Qatbed isoebctric fociurng. b order lo remove ANHO b^a rtrpport. after Uvbtg carried out pre foensngofthe flafocd hkeproccxbng H5 . tial carrying out tn idtrxfi2trtbon (Centrvcoo-IO), the bo forms 9. 10, 11, 12, aad 13 were acxpmed. 

Extmpb 2: SiaHc-acid cotaeatofa teconfotaabbp erythrcpoiebn iso Ibrrn The bcBcr aolnboo of erythropoietin (mixture of the iso forma 9-1 4) refined in the procedare of a pebbcaboa lo (he iso form and Lai e( aL which were isolated fits the r^blicaboo m the cxarxyb 1 , tnd (he above b exchanged for the todi am 
chloride of0.IO-0.15M, tnd the ccarnrb<rn proexxhire of the procedsre of >mnhtn ct tl. tnd J. Ebol . Cbcm. 2 46 ,4 30( 1 97 1 ) tnalyres a ntlioabd content. By hydroty^ing for 30 rbnutes tt 80 degrees C with the ml fork tod of0 35M, tbhoaod residue is cbfl rrom a glycxirjrote tnd a ac4nbcai b raaundized by tha 

proaba assay (Bradford Atsd.Ltocbem.72^48 (1976) arc perlcrmedX The result b shown m a taUeTa* Ibr rrnnxbetofmols of the sblfotx^d per one mot ofcrytborsoictm. Accrjirhng to the onrofcer of the balk acids per mokcule, an iso form is nanxd from srbacickry (bo fccm9)to rhe range ofbgh tochry (bo form 
14X Tan bo forms ^1 3 are sht^ b the fsrl bs» 

cooteat of da} bo forms 5-8 fjrapajatbn object St4) was not DxaBtrnd, it b smabrty preaamed fiom the mobtaty on [£F geL 
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Example 3; Acbvity of a re co oT x nanon erythfopoietia bo form About rhe iso form where il isolated like the pubbcaboo in 
bionebve is rrxrsxared abag the bxoasay (Cotes et al, Nttura 191. 1065 (1 961 )) of the poly^ythcnax moaxe (exhypoxic polycythcnac mouae) w 



rated, therefore (be relative to vivo ipecifx: acbvity of moat eiectrooegaOve lao forms was overestimated wfaca the er oaato m of the abundance of erythropoietin pro tein was carried out aaag the racacamnntaoaxsay 6 
than other totyx was acepbred If the ch' viboa of the measured value of the mouse bioasssy ex pr ess ed with a omt'ml it don* with rexpouae protein concentnDoo, (he in vivo specific acbvity expressed with the unit per cryllrropoicbri potypepbde 1 mg win b* oc 
la a table 2, *■" is the rrurnber of the iso form preparation objects according to inch vicinal used for measurement of a specific acbvity value. In many cases, two or more tn vivo assays were carried out to each of tn iso form prepartboo object 
The specific activity of all three roiaxtns was calculated uxrag the same b vivo data, and the ami / mg erythropoietin polypeptide was dcteroaaed hn the ahaorbancc of 2S0mn. radio rrrtrrarao ASSE3XA **,or a Bradford protein axsay result The purifies rx* re c o exxt aooa e r yfhrcaxoarba rxxntiinitsf (he iso forms 9-1 4 
was ased as a cnterioa of Bradford protein aaaty. Sbce there were alto some rxreparaboo object* wbch were fataffictrnt when pcrfertniag Bradford atsay, b the coital nbng Bradford protein assay, few thiags abo have "a." 
Lai et al. tad the crytiiropoiebn which ix refined by the above according lo (be procedure of a publication and contains (he tbxtara of the bo forms 9-14 are used as Rllambda and a criterion for in vivo assays. 

It caa chaage into a unit / A280 by carrying out the rrautipfication of erythropoieba polypeptide 0.807 mg/A280 lo foe relative tpeciSc aebviry cxpreced with (he ami / mg erythropoietin polypeptide. Tfas rrerrsfcrm coefficient ii erythropoietin rwlyrxrjbde mg/A280 conaruled by carrying net the rrjclLiptXLabuo of the 
protein content (about 60 % of the weight. Davit et al, Kcchernttry 26. 2633 ( 1 987)) of aa erytborxrieba ejycoprotcjn to tba abaorbancy index ( 1 .345 mg'A280) of erythropoeebn (namely, erylhropoieba 1.345 rog/A280x polypepbcb 0.60m^mg erythropoaenn - polypeptide 0 807 mg/A280). Fartherrnore, rpeafic 
activity caa be cxpreaaad win a anil / mg erythropoieti n glycoprotein if the multrplictbon of t rralbpHrr caDed a polypepbde 0.60ma/asg eryt b e aio i cui i glycoproabn a carried out to the specific acbvity expressed wilh the ubt / mg erythropoietin potypepbde. 




il 



mil us 



The data oft abb 2 art shown also b the graph of drawing 2 A. drawing 2 B, aad drawbar. 2 C these data - the rebbva ta viva activity of eryrboraobtb - 
cbar when d« ccasceatrabc* of dK 

meaxtrrementby A280 ll win be because (be reasoe ml why (he relaove in mvo epeofic aebviry of ta erythropoarwi bo form t» Itrje probaity hax rr«e 
rxdxwcti^ ( 1 25 IX aad lb. clears rxte m the rraxi. of. rxi »xx measured. The i» bxm 1 J of the halite m a Wood (kr* wai qutat ke^rr (h 

••-*- ryliaetaLai - 
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IOrnM.iodpin.2. Prot— icooceatTabcx bira 19.M torabc* CMM| to total 40m g 

protein to 20rrecroM in CnSfX filtered with (bo filter with a cut-off nit of 0 43 nacrom, tad equilibrated by 4 -degree C Trbof lOmNVi) tnd pH 6 S-7.0 b filled up. Aft— adding i iirrple, ihe itme twice as many buffer toluboa as the capaaly ofcoltra» wxActa col— — l The rate of Dow eft coram* b a pert fix 
■boat lot/. 1b enter to choose jacoeioi— acd erythropoietin bo far— r— xt— a, at core— — eccurvhcg io t— arid— J which. Hatha pro cads— a— pre pnl 

Tbt6to9n~cJti_jcitowp{) batter tohrtsoo is the capacity erf~oocor—i arathna colon— . The bafter tof— too co_ r_ ^(ha ecebcacxlof 150mM(i) adjusted to pH4 7 by NtOH.tbt gfjerne of ImM, tad the — ea of CnSO 4 tod 6Mof20pM in cots— o tl. En cotxnw *2 l! coo_ its oftbe ecebe ecidof 20OmM(i) 

■d,_todtopH4.7byh0eDRiB«el)woflm^ 

oti4.7byr(aOrl.6te0ya-^lm»l*-^ra 

_cct-_s6 pflofecctera^-bcdtoab^ Gum a c:ttri- by waibxngby CtSq4 aad pH7 Oof 

Tris4ia«riGnM(tXNjaeri40mM.nd20aMMM. 

Tht no torm pool dutaJ from each column j. coodeatcd. «nd • tolvent a crehwtged for »ixr uxmg ACTcooCrotiicoo- !0 nfosato^uno—4 cow— — uwo eq— proem Tbt re— ll of uoelectnc Sbcuang for tnalynx of Ihe- coocrntriooci poob a shown in drawine,,! Tfct gel kt» I -6 six— - the p«de_mi_d crythrc* 
bo form exits- dated from coram- 1-6, i-p-svdy. The fcrta mrrwr*- «hown in ihe rd bne u the right cad of draw-in^ thows Ore cell calt-e m«W added by th ■ 
The — ebc acid of 5niM(i), tbt gl)dae of 1 mM. and the — ta of CuSO 4 tad 6M of 20itbcn>M wash a oor— - , todcrythi - lotctn Uo ■terniautBrc b mads ct_ sd tnnicoh 
pre cads— of ■ pubficibon, it refines farther to Lai et d. tad ihe tbov* 

EMBph 3: F iarfi o— boa oft ta— — btaatrbnctylbjopoktt iso farm MBflJ the low pH iadir — boa pa Otcpbarc— la tnodaj proceda-. ta erythrorroieba bo form b separated gang the bdrntaoa of pH p 

tad carried cart dblytu filnooo b filled up with Ore rate of thow 40— g of the k*d proton per gd I ml into Q-tcpbnroer oof——. Nell, a cottt— » b washed by rax* [ about ) u — ray Tna-HCl of IOmM(i)ii die capadty of column, tad pH7 0, subaeq— ntfy the urea (pH 4.8 [ dxM [)of tboot 10 Cb» a> n— cfa C«SO 
4 6M of the gjyerne / 20microM of ta acetic acid / ImM of 2raM(«) *s the opacity of coin— o wishes, tnd the erylfcropoierin bo form coattjimit exxrannrattwn pro_n tad leu Ibaa tbool it— a »bi_-tod rcnduc b re—oved. The bo form cce—rarag tbouj ebjW p«c— to efcow 12 pa' 

coi—oa oxng the rndrattxn which tetv- ihe acetic aod of tbool 2 mM(i) _ the nrca / 1CVS04 of the (tyciae / T/JnacroM of mM of 6M. tad reach- CoSO ( of 40mM(i) |4 (pH 4 ( ^oor D of ta a— oc a6d / 6M of Ibt (Jyctne / TOrraooM oft era / ImM The tottl capacity of b« 

— paory of cot—m. tod cofleca each fracboomfioo of th. tbo« I ctpacity of roJarrti la * coo—taer. Ttm coottiaer hat Wd tht Tra beffa rohttwo of o^beat trrrx-l ar_i mtrr_i- pH ta the -o- of6-S 5. ra orrirr K> pre— at &el (he cojteded fraofooaboa cootacti k— | pi< ) fix t foa« perie^ of b-a. U ten _ iht 
OBolor of the trptntkn, co wim tW * H q**< x of fiacbooaboo over nocioctzic focvso| tot * iw1 y_ t 

I>7,>i7^4 rbo-i icptrtfioo of tbt t» C-ra i-1 1 ttttraedby thbproced-e. The bo foma 12-14 wtach cocrforped with the cohr- tad werr tr-irttioed H Ok tgmt-fxxi crm^-tra .n: .-r-V: cfa^d ..rfarg w ; a cb. b^ifrr t^aoo ^-taci ccctsm of Ca.'XU (jjr7 0) ofTn^mi of IQnAC Na(l of 14Q^.V1 rad 
20n^4- (It die— cbied ia iarfiaaooci or wtj dated »itb tbt todif cMoridt «Aukaj) Aa fjo ftirm it —yttnaPy p— c—ad wtifc th» — »~ »d pbatt da— i«Aiy«phy tad |«l Owboa c»— cfltaa— cay 8ka « ptAtictooB it Laft aad oehtn extnybi 2, «»d coattwteiaaieB ptoiani i» i~ no— d. 

ExtrapU 6: 0»itjact>oo oft Homo nr— — crythropoietiD taefog Tot foctbos of tht dbtara carbohydrtte bradjaf ate _odc t Homo r— ac— erythropoarbo tntao aod ce b rbown ra dma-rag ? (SEQ ID.N»:26). The prodacfioo rjrocedstre of the acVktxoal p>»*ytttioa part of erythropoictra b to— mariiad to 
dnwiag 6 A-C. aad b expUiaed below. 

m la order to »- U for ntro rottpmrt, Lht foDowrnt obtoc— feobde prmim were coc— ocadod. 

[Ato4^)EP0 5XX>CCCACCAAACCTCAjCrCTGTGACAGCC^ [D N&l) 

[A_9^crl 1 lEPr^ATCTGTACAACCGAAOCCTCGAGAGGTT (SEQ ID NO:2) 

(Aj»69 JEIH>JtXjGCCTGGCCAACCTOTCGGAAG3' (SEQ ID N03) 

[A-124JEK>5TCCtXTCCAOATAATGCCTrAGCTOCT(SEO ID SO 4) 

|Aml25,Serl 27]EPO:5X^AQATGCOAACTCATCTGCTCCAC3' (SEQ ID NOJ) 

FA_l«^lM]EIO^A£WCCTGCAGOAATCi«^^ (SEQ ID NO* 

(Thr 1 23 JEK>^5TCCAOATC>COAOCTCAGCTGCTC3- (SEQ ID NO.7) 

(Pral 24.Thr 1 25 JEPO'.StXTTCC AGATCCCi ACCTC AGCTGCT (SEQ ID NO.!) 

m oadoe which _&cbxd 6to aadarbx. 

b<»d-»addN-tfyec«yUboop«rttoAjM.Aja^ 

order to add O^Jyeocyttboo pan c Thr 125, [Thr 1 25] EPO. tad Prol 24 tad [Thr 125] EPO were bmh. 
m In order to _e il br v,tro rm_— neju, U>e foOowtng oh^oacfcotxle prinxn were con^xwoded 
[At.r69.Thr7 1 IEP0 JGGGOCTGGCCAACCmACAGAAOCTGTCT (SEQ ID SOS) 
[Ser6J>_t».Thr7 1 ]EP03TrAGGGCCTGTCCA\CCTGACAGAAGCTGTC3' (SEQ ID NO. 10) 
[A-t25,Thrl77)FJ05X:AGATGCGAACTCAACGGCTCCAC3' (SEQ ID NO: 11) 

[ A_ 1 25 .Thrl 27,Thrl 3 1 JEP05ATGCGAACTCAACGGCTCCACTCACAACAATCACTT (SEQ ID NO.12) 
[ Pro 1 2 4 A— 1 25 jSer 1 27]EPO:5TXT AGATCC AAATTC ATCTGCTCC ACTC3' (SEQ ID NO 13) 
[Fro 1 24 25,Thr 1 27]EPO:5TX7 AGATCC AAA TTCAACAGCTCC ACT C3' (SEQ ID NO 14) 
[Thrl 25,Thrl 26]EPO:5XXAGATGCGACAACAGCTGCTCCA3' (SEQ ID NO!5) 

Pro 1 24, Thrl 25. Thr 1 26, (Thrl3 1] EPO : Pro 124 and {Thr 125] EPO cDNA a- left, orrp— nrVtrbde prim- 5 - AGATCCGACCACCGCTGCTCCAC3- (SEQ ID.NO 16) b bktJ, tad Prol24, Thrl 25. aad [Thrl 26] EPO are produced Next olr— w-teortde prnoer 5TGCTOCACTCACAACAATCACTGJ' (SEQ 
IDjl7)baar^tndrtel24,ThTl25,ThTl26.tndfThrt31]Ero 

Io order to add N-ftycotylaboa rani to Ata69c^ [Thrl 27] EPO. A»al25.Tkrl27 «ad[T_ 131] EPO, 

124, A«125 tt>d [Serl27] ETO.aad rW124, AmI25 tnd rrarI27) TO 

m T>»to«OTSC>f ibeer>1bT^acb n DNA for vriio nmtigcij_ii war > Hojtu itpa— j crylhropcactui tDNA done io pUrnxb pCC ( Ha 1 3 tod ) l(!J Lew ct tl, Proc NtiAcaAScr 692CI ( 1 9Jfi))- The pit— nd DNA of the origin wti digcaed with FiitFJl rod t Flcill icitncaoa eazyme to lit 1 3 , the ofcaioad DN' A 
■ ed efc^htwa* tad n_ erythnxroa^ 

u insetted by At dcri vtbve of pBR322 as iadkated by a Lro patent tad the tbove. So— huty pBSgHaEPO wax Hotted by BxtEE tad BgUI, aad the — oor fia— xattboo of 65 17bp was collected. Two frag— Estaboa wai cODfiaaad aad IGT1 was obtaeBsd ta order to braid pEC-l, pDSVL 
a pa"lr_ltad (he above tt t p^ictboo taddrtwiag 5 B) war (bgetfed by BtmHl. tad the boltboo BtmHl fitgmeattboo of 2 of tht oci^ tad8 k0otw(tb)wat cxxi*aaed wrih IGT1 of erythioc«er— cDNAcoot_l IGTI. 
to In ortfcr to prodace the rarglt Breaded DNA for vitro aratttjeneaJs pEC-l war drgetted by BtmlU tad Bglll tod the crytt-)c<w*ii cDNA fiapneattboa of 820bp wu itoUted. Thb fitgnxattboc w»i conrbraed «ath (be BtmHl part of ml 3nyl8, tod ml3-EC-l watpnxbeed. Kaakd etai. Methods ia 

Ewyn-l 134,367 (1987) tad Messtas, aad Merhoda^ Enzynwi - oaf* « ' 

oaeofd«tlx»«_cationedsyub^ . .. . 

mixture was heated for 5 nmntte* tad, nbaaqaesdy was cooled rtdubooaUy to the room ten — er tt ure . 
Beets- of an exp ta d u a} reacboo, they arc dTTP of 2.5microeach L dATP, dOTP, dCTP. tad ATP (aO lOnacroM). 

It addi _d. tob-qaerrdy they art the Ercheridbt coB DNA pory-era- (Kfcaow tragrrreottboe) of Inacrol (oc* unit), tod T focr of I micro! (cm tail) The DNA bet- wai added. Next, overnight lacababoo was carrxd oattt 1 4 
(Ytmjch-Prrroo [ d tl. ) tad Geoe 33,103 ( 1985)) ia the bxheatod procedrax (Mettme, tbove). 

In order to identify t mobinoo done by the hybtidiiabon for diice— r— at, the plaqoe — nutrient agar wtt moved to tht Ge— Sere— filter (New l^aiiaod Nuclear). The filter wai dried nadcr the heat lamp tad, labtt— really it incabated tt 60 cte*~ — C io 6xSSC of 1XSES ce 
abo— ^rxaboiredobj— andtioeA ' 
depm C, For (Thrm]. tnd Pro 1 24 tol [TV 125] raotttioo. ovcrrathi tncabaooo ™ earned oor .1 70 defrca C tl 63~dcgit»-C h« (or [Arrfl. Scrl I J. tad Am 163 tnd [So-16<.] nrnaaon. On tbr ncxl day. by 6xS3C, th. filter ™ 
bybridi2aboo to the plaque which has a wild type erythropoietin cDNA array va being recasirod - mott - or the fill— wat washed in 6xSSC. rabios ton— — it— e onbl it «.ti no longer dctocted it til. Tht done which — ve the hybrid; 
toboiltct port dope. JM 109 wai tnTrrfrrtnd agtoa Dideoxy chain terrrxntboc tafacx* tnalyai ihowxd that &» mottoon 10 ta trpartgme, a — rrae, t thraociae, end protrae rebdae erbtcd. 
Doobk ttraad ml3-EC-l DNA rododrsg [[[Am4, Scrti), [Aar9. Serl I ), A_69], [Am 1 24], [Am] 25], [Scrl27), (Aral 63, Serl65), Thrl 25] tad vtriabtxi as chown in [Pro 124, Thrl 25] w— coDccasd from I— ajfecboo JM109 cdl by fl»e boiHag method (Hoc— a el tl tnd Anal Dtochem 1 17,193 (1 9S1 )). DNA was 
digcrttd by BoEll tod Xholl tnd Ihe trythropo.eOn DNA &igmcm of 8 1 Obp wai iiolitrd. pEC- 1 *ai dr£e«ed by BaEH. mb— qneatly. partial digsrtioa wai camod oul by DgJII and mdnrcl demltrrriziboa pbotphtbng of the five prime end of tbe obonoed fra— nentaOoa wai camrd oat at 60 1»— r— i C by [he b_terial 
tlkab- pttotpoait- ra lOTiu of ir^ 

mobber) cog— tss DNA which ctrri— out (be code of Ihe crythrorxxetm totlog which bai variaboa trrxao add residac ia the s^ecsfied locaboa. 

Or the ervthroooietro tntiog (pEC34) wtr b_ I by the in vitro rautigeneiii to which cleleboo of the trrtao tod rendu* 4 1-55 b carried oel Ai thii re—It, nnuTer EPO co— -1 BttEII-Dglll frigmcattboo (775bp) wai obtiined- Tb'i Engmemiaoo wu m—rto 1 ta pEC 1 asm 
tbt erythroporebn analog. pEC34 wta chger— d by B— EH tl menbooed above, by BglH, partial digc— oo was carried om. dec^axphonra boo was earned od, tad the vector wai isoUted. Next, the vector fragmentation of 7tbt wai combined with the tbo n, mtatio— ai ujftiitaj ii tia & 
ra-ckaeoot can be easily ideaborsd by 
iTwerythroi^ebntrndogehawn- 
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MOZ ii»»'7hr» , Ttl»'*»n ,, Thr" H47aV062 

BCC C-*»tt*B 

The pitsnad ntitexi pDEC-X (Xijn tmlog mmtcr) was built by inserting Erythropcaetin cDNA in pDFCdclta which it (he dcrivntive of pUsmid pDSaipba2 Fjqrawon vector pDS*rphe2 ire outlined by PCT patent tppKcabon No WO 90/1 4363. pDECddtt »n gokfcd by the follownif phase* from pDSalpha2. 

( 1 ) Ddclioa of the Htudlll pert of pDSt!pea2 wss carried Ottl by digrtting DNA of pDSaipba2 by Hiadlll, processing * HindHI cohesive cad by the UNA potymerue (KJeaow frapreraarjoc) and dNTP of Escherichia coli. tnd reootrsxmng * flush end-tzed vector. The obtained piasmid was pOS*lpba2<idtiH. 

(2) pDStlpb*2deIiaH was Spool by Sail and the synthetic oiipMMckxktiak which ha* aa SV40 splice ague] with tlx SaJi hnlcr combined at 3' edge of* splice erne] was censbined with this. The lyathctic obgooodeobde bad the following arrays (SEQ ID.NO.lg> 
3- 

TCGAGGAACTGAAAAACCAGAAAGTTAACTGGTAAGTTTAGTCTTTT^ 
- the obtained pUcrad was t pDSttpaa2orlttri eplice. 

(3) Digest a pDS»ipb»2 Jdull tpJ>ct by StU tod it U T four II flosh-end-ized byprrxrraiigt cohesive end by DNA polymerase end dNTP. Btmin-BgJII Homo lapjeajerytliropotetiii cDNA fragmentation of 820bp(i) waa flusb-cnd-LzTdby the utme approach, tad ti cootani with the ptasrrad. The obtained pUsond 
waspDEC-l. 

(4} pDEC was digested by Kpol aad Pvall tsd it (hub-coin rod by processing t cohesive cad by rrsBng bean nuclease, hi order to carry oat dcJctioa of the excised KpoJ-PvoIQ fragmestabocs the ptasrnd was modi to reconiaot tad plained pDECddt* waa cteataed. 

The pDEC-X pUsmid was produced rrompDECoeiU by carrying out fan digestion by BuEH tad inbeeo^iCTtly earTytagoWptrtitl digctfjoaby BgHL The rector fiagrncntttjoa in which the erythropoietiii coding tnay carried oat dektioa waiiaoU led, tad ittvntaard with the BetEn-BgM fr*%u> nttiixi of 810bp(0 



CocatrocttofiofpDECrN^TJtod pDBC (N«l) pDFr {N47)contttma g tjji30 lhr32 v»J87 tail tod thr90 mnuboa wm bmlt &om pDEC (NIB) tad pDFC (N4). pDEC (N18) watdtferaed by Hiadn end BeJIl. and the rHpnentttioB of 445bp w 
frasmeattooa of 377bp wu isoUtcd. Sach two frapnenttbon waa eon±*aed with pDECdeita cut by BdEIl aad BgiU at mentioned above, aad pDEC (N47) was obttmed 

pDECfN43) containing aj»69tla71 *cxS7 tsoSa tad thr90 nwtiuioa uat beill from pDEC (N 1 4) «ad pDBC (Nit). pDFC (N 14) wtt digrjtod by Hindi] and B^Il. and the fratmerattwo of 44Jbp wa» iioUted. pDFXT (N 1 1) wi 
friprrautwo v« cwnbnwl »ith pDEC<ic{t. ojl by BttFJI aad B^lll « mraoooed ^>ove, end pDLO (N43) w« ofeuioed 
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oe>B*mmfif (jp) 02) ^ ^ ^ ^ ^ (a) (ii)»wtiiH^a## 

#^F8- 506023 



(43) 4^ B ^8^0996) in 2 0 



(51) Int.CL G 




F I 




C 1 2 N 15/09 


ZNA 






A 6 1 K 38/22 


ACC 






C0 7H 21/04 


B 8615-4C 








9281 -4B 


C 1 2N 


15/00 ZNA A 




7729-4B 




5/00 B 






* ^HS«»* *ff*(£: 94 JO gteHKSK 


(21)fflH#^ 


507153 


(71)ffljaA 


7AyX> • «f >n-^U— r-^ H 


(86) (22)£WgB 


3pfi£6^(1994) 8/3160 




T^U*-&«@. *U7t^n7 -91320 


(85)afwsmi0 


^7^(1995) 4^14B 




—1789, ^lf>H • ^X, tAH^ 


(86)BS5tHS## 


PCT/US 9 4/0 9 2 5 7 




• H^-f ^ • 1840, 7AyX> - -fe 


(87)HBS^B8S# 


W09 5/0 5 4 6 5 






(87)HIS^0SB 


^7^(1995) 2^23B 








0 8/1 0 8, 0 1 6 




7* U *-&*B* * l J 7*JttT • 91320, 


(32)«JfcB 


1993^8^170 








*H (US) 




X h • 1040 






(74)^a 


&m± )\\u (^2«) 











(54) [&W<D&W\ X'J ha#X?>fg<K#: 



(57) CS*U] 



(2) 



8. t^y h ui£3L?-z/<nT % /BfcKyiJ0>3O, 5K 57, 69, 88. 89, 136£fc 

10. Asn 30 Thr 32 EPO ; 
Asn 51 Thr 53 EPO ; 
Asn 57 Thr 59 EPO ; 
Asn 69 EPO ; 
Asn 69 Thr 71 EPO ; 
Ser 68 Asn 69 Thr 71 EPO ; 
Val 87 Asn 88 Thr 90 EPO ; 




(3) ftmW- 8-506023 

Ser 87 Asn 88 Thr 90 EPO ; 
Ser 87 Asn 88 Gly 89 Thr 90 EPO ; 
Ser 87 Asn 88 Thr 90 Thr 92 EPO ; 
Ser 87 Asn 88 Thr 90 Ala 162 EPO ; 
Asn 69 Thr 71 Ser 87 Asn 88 Thr 90 EPO ; 
Asn 30 Thr 32 Val 87 Asn 88 Thr 90 EPO ; 
Asn 89 lie 90 Thr 91 EPO ; 
Ser 87 Asn 89 He 90 Thr 91 EPO ; 
Asn 136 Thr 138 EPO ; 
Asn 138 Thr 140 EPO ; 
Thr 125 EPO ; RXf 

Pro 124 Thr 125 EPO 

11. h*tf^is(Djj/i'7$*i/5fcmci^tzn*ft&±<DT $ smfrb& 

12. ft-ADfta^ t F^tt^t K F u tVO^/^^r^KS K7 

13. (a) ^^^^S^MW^T; y^ia^iJSer-Ser-Ser-Ser-Lys-Ala-Pro 
-Pro-Pro-Ser-Leu-Pro-Ser-Pro-Ser-Arg-Leu-Pro-Gly-Pro-Ser-Asp-Thr-Pro-Ile 
-Leu-Pro-Gln4r*ri-*fc b^V hp^fy^ 

(b) M^Ser 87 Asn 88 Thr 90 EPO^^tftulS (a) (DmU&t, 

(c) H^Asn 30 Thr 32 Val 87 Asn 88 Thr 90 EPO*^tr mTsE (a) i:. 
^b*S^-^^a«$tt5»*«12^flS«^IS^ffo 

14. '>*< £ 1 OfD^y a^U-^a vSPfir<Oteffi**&tf T 5 /KIB^fe/* 



15. teffi^S, fc ^n^ai^voN-^^7K{k*JFBift^V>i"tb3&^^Xt/ 




(4) 8-506023 

Sri *4«Kfc 14 ^E*<o«<aflc. 

16. Gin 24 Ser 87 Asn 8 8Thr 90 EPO ; 
Gin 38 Ser 87 Asn 88 Thr 90 EPO ; Rtf 
Gin 83 Ser 87 Asn 88 Thr 90 EPO ; 

17. £ t lOfiDft^PW^y xi^u— v^3>g|5ffi^tffc: h^U hP^f 
ismUft* K-T £DNAl£?iJ 0 

18. »3R9(10tclE*6^)fc ho^ai^^SfilffSrzi— Ki-5DNAia?»Jo 

19. W<Hlo©^y3i/l/^ayaffi«4:ft5t Fx!) ho^x 
^IWHfMra — Ki-SDNAiB^ilo 

20. »*3jl6^E«Ofc hxy hn*ai^v*ffilfle*:3-K-J-SDNAEM 0 

21. lf*3ll3tCf5«cOt hxy hn^xfyiiM^^ Ki-*DNAE*J. 

22. «±JMS^fc hxjj ho#^vWfiff*:»a-e#SJ;5^lll**l7*fcH: . 
19(C|E«C0DNAE^JT* h 7 V* 7 ^ 



23. f&Se^TS&*ofS*3l l , 10. n*fctti4^^"f*td*— qi^ia«<03:y hcztf 



(5) 



8-506023 



y hn^xfy (EPO) tt, *ik«*ffii2fflliaj5^#ifb.*^^»tc|ii^t- 

f tSttllig l/-</KD^x y > d TKxf y ^(ttB ^ tl^ e Miyakeb, J. Biol 
. Chem., 252, 5558 (1977) tt % fc hfc^l) h D^xf y^ffifStW^ 

#3i^>as?$^)t^ 

3i y ha/Kni^^Srzi— K-fSae^^lRl^ ^D-=y^X0Wafi, Lin 



(6) 



ot5i<«ot*fc. 

4J-a:^SST?S>f9x ^V^^KOjBBHart^ffi (subcellular localization 
OOI, W%Q-t£&&m-&&\Zftm£tlZa Ifi^JAsn-X-Ser/Thr Xf*?" 

b y yei»©ftt©r ? y 1** lis) o-^ty^ 

^^^«©*5^*©»40%**«L-CV>5o N-«*»*^*«ttt, 24, 38 
(^C-S (Lai^>, J. Biol. Chem. 261, 3116 (1986) ; Broudyb, Arch. Bioch 




(7) *&m¥- 8-506023 

em. Biophys. 265, 329 (1988) ) . * y ^^T/^SlCiot 

j3i!J hn^^-v^^^OiS-f in vivoffittteffiTi~5a s in vitrof^ttte 

^WSrSttftV 1 ' (Lowy£>, Nature 185, 102 (1960) ; Goldwasser ^ , J. Biol. 
Chem. 249, 4202 (1974) ) 0 Z<DmW}\*. IFfm<DTisT v ? V =7pt>< 

3&»ba^*^l»***t5fc«>-efcSi:»W*^"CV^S (Morrell^>. J. Biol. Ch 
em. 243, 155 (1968) ; Briggs^, Am. J. Physiol. 227, 1385 (1974) ; Ashwe 
11 <b. Methods Enzymol50, 287 (1978) ) 0 tot, xy hD^xfyft flf|g 
(^g^^ >s<?Kb ©se-&«rRa*i"S <t 5 lOT/WfcSixfci: #^©*-in vivo 

Jfc«-r5£in vivo^^Pl : ^>(g:TbTV>^^in vitroffitt 4riMI«P LTV^ C 
t^J^Lfc (Dordal<b, Endocrinology 116, 2293 (1985) ; Lin^rF, ffifffl ) 

tf^^XDin vitroSttdSft*^ffi:Ti-S (Dube<b. J. Biol. Chem. 263, 1751 
6 (1988) o 

my fn^xfyoi^ii^y^IH *«^««*» (IEF) W±5ft 

y h D7t?m^>pM^^IEm^^#^Lrv^ (Lukowsky^, J. Biochem 50, 
909 (1972) ;Sheltonb> Biochem. Med. 12, 45 (1975) ; Fuhrb, Biochem. Bi 
ophys. Res. Comm. 98, 930 (1981) ) 0 ZLthtb<DW9tX-\± y IEFJC J; oTgfeBU £ 




(8) 8-506023 

Miyakefe, ffiffi, fcCfcStlfcfc hJ££*^m^y h p fc, 
MIIXrf4>|iiIIIA^Hi-**©a<o«*<b«^«f-Ctt, ^BIias^HIIIAJ: Dt 
^^^>5WBS.t/*BISnfc>f y» (isoform) S:»ftt5-ttfc5o 

y ho#3i^^afift:Sr3-Ki-SDNAia?iK Stflc, I(a#^M^ii:5Mft 

©pi) s-cgm y^^-To £fc >r y^9~i4ofi^ftSr$tp»M*aijix.3: 




(9) 4# Jc¥ 8-506023 

fek<DM&&, hnsS^VjRy^^KlmgfcfcOOWft (units) 

-To IS2ATii, hP/KxfWy^M^> Bradford^ 1/ y i? 

0 y;H/-yi-6^lt 150mM<E>R®, pH4.7, 150mM<Dg£g? , 2 

00mM<Z)gffi8 f pH4.7, 250mMOftK f pH4.7, 300mMWft», P H4.7*^H300mM^ft 

2 tc|a«O^J(S«r«E L , DEAE- T # o - * * n h ^ y 7 4 - tcffe x. "C Q-ir 7 

HI 4 fit , (J-t77n^0^7A ( L fc*BJSBWfciSF 

tfrc^W yB8-^12<DftM&7jk-r o ^®2^^^©40*T*<Dffi^C#^^lj<© 
fclMSco^JiKSrtfjEU DEAE-T^/n— h £"9 7^ — tcftx.TQ-ir;7 7 

1115(1 thxy hD^fy<z)7 ^ /gsayiJSr^i-o 

EI6A. 6B&I/6CH th^y hnsjf^^^^ff^WIB&t/^tlfffl^^^^? 
#WHaJt»0>^*^^ V^n jy h^WSr^-fo SfSfr [Asn 9 , Ser 11 ] EPO. [Asn 6 



(10) 



9 ] EPO, [Asn 125 , Ser 127 ] EPO&t>* [Pro 124 , Thr 125 ] E?0&WhMM 6 {Cf£«^ 

mxmm-tZo ^m<ot^\z.^ mmmy^imm^^^^^mu^ [Pro 1 

25 , Thr 127 ] EPO&tJ* [Asn 126 , Ser 128 ] EPOSr^LTV^o 

las N-^y^^-^^m^t hia^J^y hD^^xuna^^y h 

125 ] EPO&tf [Pro 124 , Thr 125 ] EPOfcHJE^J 6 fclBRO^JK-CW* U*L e 
Jt«E©3t«)^, Sfilft: [Val 126 ] EPO, [Pro 124 ] EPO. [Pro 125 ] EPO, [Thr 12 
7 ] EPO, [Pro 125 , Ser 127 ] EP0&t>* [Thr 125 , Ser 127 ] EP0*^U"CV^ o 

m 9 te. [Thr 125 ] 3SR3E»Sr*tN* y h p tfoi^cDNAT* h 7 7 * * h 
LfcCH0»®<7>l#m£^ LfeJWia«f*OQ--fe ^ T n C4igffi * o ^ h ^ 

-To 

EllOte, ffilfexit b^y bP^xfy (rHuEPO) Rt/ilW 

*J6«6tC|B«S*bTV^S 0 mums. N14, N18. N19, N2U N24&T>*N39te. ¥ 

BlU^ N-^y *W{b*©«L»;tfc: h^y h ntf^V&tfEPO 

fla*OC0SS»fi±il»W**^^^ny h»*f *r*"t". 0, 4, 12Xt*45#m<fc:« 

iai2tt, epo Ni4«»ff>r yKPRW^w^wft^ift^**-*". ««;a<o 



(11) 



zmumuz^fr, WW ym-f—M* 1 ft^&tz 9«LTi2-i7fflo s/ta- 

Hl3tt, hfc#Sfe«©iaiftx.t: hx.y h^xfy, HMR>T y®14&tfEP 
EPO N14SH*^«£TTxy hn^xfyg^^t^ 125 ISSRfiftaLfc 

laisfi, epo m4(Dm^yMy—^ (0.036^0.0712 u%) > mfflt-rv^i4 (0 

.036&T/0.0712 /ig) . EPO 177<Offi>T V^rA-A' (0.0712^g) XtfrHuEPO (0.0 
71izg) <D^^rtbl5£-r^-^l?^^^ U s> M*»Sr*t. 

D^xfy^yf^^T^So »*UV^jSS)HfB«(c*3V>T v *»Wtt, x.y 

*LV^3ftfi9, 10. IK 12, 13£fcfai4-Cfc5o SU<^HJfiffi«^*3V^Ttt, n<7) 
*ttl4«t t) t*#<. ff*b<r±16—23t?«>*o 

fflif^-etf r^y hn^^wy^j *s 
fflBtt, m-%tm& (pi) *#Lj.oRDr5yiMEMSr*rrs3:y i^o^ 

, ^x.y hu/Kxfy, g*a*fc hx.y hPTKxfy, rx*. y hn^ 

fc&3fct: hxy ha#xfy(07 ^ /SBa^J£^t"£»»;t^!J hD/fxfy 




(12) «F$^8- 5 0 6 0 2 3 

,703,008-^(Cf5ic^#|lltC^o 



Uib^lS«iJ2tc|B*60#JS*«jEUDEAE-r^n— jx^ 

o, ii, iz*fctti3«^^r^»»ai**tPwi3^to*S*Lfco 

zny hD3^^>(Dffl*fWin vivoJtSttt y^5~l l<7)3i y hnfcfyi^ 

y hDTK^v^feyhtJOv-T^^^s^^r^-r^) o y»n^i4 




(13) *S?8- 5 0 6 0 2 3 

fi, m^^^nmn vivoitettSr^-LTV^o ^V^5-14COin vivof£f£ 
fi»SHE-e*l^ (exhypoxic) gfo&L^tflniM^ **<Dy<>f y-fe-f J: o 
T«I^U yjgO#ffi*SrBradford^ W^f7 y-feW\ 280nm<£>eR3te££ 
fcfi^y hn^fyiy^Ay/^ (RIA) £ oTSJ^i~5o 
mlX^^^L5RIAC0liJ^it (Egrieb. Immonobiology 172, 213 (1986) ) RI 

fir] £rt«RWlpfc*«>;fcfil D*fl=2lV|pl CliWifeSrftI U Jt&teOfi-gttcP 

y»ott^^*it«^5fc»^w*it}^*:«/Bi-5o ffiBctfM y»Ko 

V>T$8#£*l*:in viwJfcflHttttt-f y*©B*«IP^Ift»»*ll[Sr^i- 1 t>0'X? 

fete 1 iH^fcfc <9 12 J: <9 t>#v>^r/Ht4:*+S-< y*©I^*, #'Jx.teV y^ 
12, 13&m4tOj8^4&a^ja* 0 8U©JBH»«-ett, F^xf 

2 : 3 : 1 * fc tt20 : 20 : 1 (O J: 9 U# 5 e 



(14) #^8-5 0 6 0 2 3 



&£t<te. maLibtf* immffioM ym<nm&m, mz-tf^ymu max* 

fflt j>^y FDTKxfy (ftlfl&«Kbttifi) *fef4flHl*jrSr> ^y hnTK^^-v 

jfffl»*TH£JB£;ft,3 rt h^y hD#if>jBH»j t b^y hn 

T /HBtt-fr(fWft^*^i«!ni Lfcai y ho#3i^^Sr**-f--5 0 li^ii, ^y^ 



(15) 



^fJ-»D«J*N-^y = $/U— is a ^UitL^tzm-^V = — is* >mtL^\^x 
□ Mx.fl Gm<0*4islsi:TX'<7*>^m#ri-Z>b. IE?lJAsn-Leu-Ser^ 

^|E*o*fil*N0iatMi02*r»*LTt J:^o b $K * 



(16) ¥f&¥-8 - 5 0 6 0 2 3 



0-^y3^l/-i/ 3 yS^tU^5 (Kessler«b, J. Biol. Chem. 254, 790 
7 (1979) ) o 

S3, 4&tf5 13, #*Ptt*N-3fe^&W*fettO-je^jK*^«l«Wffi*^i- 

«w*f«p s tix v ^ -5 a\ * it temmm-&&Rm-&&m&mmcmu s tit 



t h^ny bvtf^^T ^ SmM&\^<D30, 51. 57. 69, 88. 89, 136&tfl38ffi 



(17) 



S^T^il £ tlZ> y =i > 3 VgWKCDteffi (rearrangement) £ 9 

o Ifi*RK R2XWR3H:, *^S(EffiO«-C*> 9 , 3fc*24, 38Sfcfi83ffi<£>N-iS 

SSflslftRh R2&tfR3<Z>in vivo£«W£t£S:##r U 7 M***", Asn88tC 

Sfc, f*Al»ftN-3|g^&W*^ttO-»^«mt**t-*^y 

H % my hDTjfai^vSgfafrSra— Ki-ScDNA, y / i*DNA£ fcttft 

*-&«dna*s&*. ^ne>^a«#waia^*fflfta«ixLDNA^7^5 k&vji« 
tt«±aa/ia<>ii«*^So M^^-^tttt, ^n-^^^^nfcDNAsa^ij 



(18) 



# £ ^ mi - 5 cos& w;ho?s £M ^ 

o 

A^ri-f n-e h 7 <r — £{£JBi-5<z>a s #3; Lv\ 

^SrL, JK*Sr*6{^i- 0 *»LfcvKo^©gR#W:t h^y hDTKxf 
ffc««Srtt5«fiftttt b^y hn^m^>-(7)2-3^iSV>»tt^L, t h 

^H*41t*t5^ V»©a*«t»« tfc dg«fi0»J8) o Thr 125 RtfSer 8 
7 Asn 88 Thr 90 (EPO N14) jRffii^irflBiiO 3 00>f y L, ##PJfe<£> 

in vivo£4W£te£ffl!]^Lfco *8tc4-x.^:fe*tt, J: 9*t^>7/Ht*l*r* 
i"5EP0 N14-T yjF^lf^J: *9^.#^in vivoffitt4r^ri"S r. £ £r^-To 

EPO N14Sfil«:RO J »ljlx.t: hxy hufef y^^T^Vi (-< V§9 
-14) <d:/-/u£, S*fttS*7;y-fc-<\ XttttttXIk&t/^ £ j* <E>-^ h ^ y 




(19) ^¥8 -5 0 6 0 2 3 

m^r^m-f ym^-Mt, mm^ ymu^tzmm^^ h^y Fn^yi: 
^-ipm/cHo) ig^auisiciw-rso ^y M^^^im** sH^vr^g? 

3o»^affiiWS4ft-CifeS4 



a 2 , 6 ©I*^T->7;U»^f (Takeuchi^, J. Biol. Chem. 

263, 3657 (1988) ) 0 RMttilZft. a 2 , 38^^7^8li^yy-^a 1 , 

mm {$-13=7$ hv/Ka2,3'>7y;H^7^7s7- V&XfiB-tf?? bis 
Ka 2, 6V7 J/Uh7^7x5- t?) * ^yy^a 1 ,6^7^ 

^tKnl8^^-f (DHFR) k&^Vf XxnA**— (CHO) 




(20) 8-506023 

saersb, Eur. J. Biochem. 156, 651, (1986) ;Takeuchi£u J. Chromatogr 
. 400, 207 (1987) ) e CHOJMS * "CiS* $ ftfcft**.^ y h n tK^l 

h-^(C^J-L2 .6«^SWVl/|fc«r^fcLT^S- (Sasaki <b 
, (1987) , mm ; Takeuchib, (1987) , JJffl) . 

3^:1^ a 2 , 6 8^(7)^^^f t ^, v'T/^^tt 5 T*fc 5 ^ 0 «fiffCHO*fflJfi£ 
fcf^<Z)#,0«fL^ Leeb. J. Biol 

. Chen. 264, 13848 (1989) fc#flH£*LfcV\, R*iR©1B«rt*f4*MjB»lC* 

J: 5 



(21) 



#*c¥8 - 5 0 6 0 2 3 



o^-r^r -/-t^fcttfflL^y Fo^fygipii »#*MttLfcfifc=.y fp 
{^ffl ufc^ y h n ^^->^^#coi z> mmmmz. t a«tBH ***** 

vtl<DX\ in vivoitSt££, riu/mlj , riu/mgj QU/Azbo J T'*< I"* 



* «tf 5 -r * 7Atffl^5J:5 fc«jE l*: ( P H8 . Acomt^r h y 

5) Lai e><DHJ£M 2 co^-C^M Lfc 0 
*«MtCLKB Application Note im^VdM^m^L^V y K (Ultrodex, LK 




(22) ft$i¥- 8-506023 

B) ^^t^mS»»i:J:otS/j:5 6o©BJ>f y^MLt 

0 Pharmalyte (Pharmacia) 2 . 5-5T >^ 7 h (Pharmacia) U 

sgi<Di§si-e(:i:, 6.8mi<7>20inM<7)^^^- h y ^^/xQ^comt-r h V ^, 

t^rt©>f y*^y KSrmtSo VhSrffcau &v^5t**tt (40 
% ^ £ / — /U/10%^^/10%TCA/3 . 5%^^^1^ y ^vi'Bft) 4: 3 {Hj^^ Ltft* 

10%ffl®& (30~60t:) tl0 GKJ10#BO) ftlU 0.125%* — V'>-^R-2 
50/40%^ 9 J -AVKWBffi** T^OrT-lS^r^Sfefe U &^T7 . 5% ^ * 7 — 

tt^My KWS« (WI£cD~50%) tK (—16ml) SrSajPU ^7 

y-^5.5X24.5^^<0 M/»{^§\ E*«*—4Qg*-C?ilHS*-«rS. 

& 2 0 b tcy u mmt mm^v/^ v v<»ffl&7 y > h shtf 

i-. 

y/u-d^>r y^SrSUlS-erS^iC)^, lOmMOTris-HCl, pH7. 0/5mM(D Chaps £r^a 

*U Tris-ChapsJBHKK-eaai^-rS. 9 # (flow through) SrJR*U 20%^i 
^y— yWlOmMOTris-HCl, P H7.04 I T^$&£lt/'cVydac C4i»«»I»*JBU&L;fc/h 
^/7A ^V^^A^ag) {CgiJ^tCagAi-^o 20%^*/— /W10mM(7)Tris- 

HC1, pH7.0, 35%^^ AVlOmMtmVis-HCl, pH7 .0&t>*65%^ * 7 — ;W10mM 
(OTris-HCl, P H7.0JCj:oT^7^^^PWWt-M3l^^:^o 65%^* J -;WlOmM 
OTris^ttSi-^^iU^, 



10mM<DTris-HCl, pH7.0tC«t otl : U *BSU &V>T'Cent:ricon-10 (Am 

icon) ftfcftft*83£B (microconcentrator) ^iS^T, ««ffi£l(M0>Tris-HCl 




(23) %fM¥- 8-506023 

, pH7.0££SW-5o 5M<Dmm V SVT 5 K^A-fT*, Servalyte3- 
5/y^7^y (Serva) SrfflV\ *«W(C1LKB^ * — h250^E«*tLfc 

*vwcsaniu 2.57* hT?35»iBJtmoi7y h-eiKii7«riB7^— *^^«a 

is-HCl, pH8.8*aS*Pb, ^7y-^^7A^fAL> 

5„ »J!B^*5l3f&«^0.5McOTris-HCl ( pH7-cac^L, ^««:*« 0 

SttiJ£*«SSU 8MKK*r20inM©^3i^lH- h y * A/100mM(7)»b^ h y * 

5ml) ^SfctC, h^-7^X0.22^ ^ a yiZ)SSt^D-7 7^;^- (Cil 

^ 3 21.8mlC0^@7K c l :, ^^30mgOmife^^y hP^xfyS:y;u 

KSSJDU 2 !7 y h -e255JfitL 1017 s> h T'20l*ra&tfl5!7 s/ hXlSftm?*— *> 

, »fcn^±fl»*»Wffl*«^«^»»^«to-C^«f-r5o 1 MCOTris-HC 

1, pH7.2£#*7 I) — teSHinU S8»*S«:{H»J^/h*7A^Att. *£f@£r#^i* 

m-TbV ^A/lOOmM^^h y P H7.0fcSS»i-S. #ff 

i^;ni, » — 10, \u 12. i3awi4*^t br^tf^— /w s #feix 



(24) 



tmW- 8-506023 



7^fh (Phannalyte 2.5-5) SrRotofor (Bio-Rad, Richmond, CA) iBftBS?*/£S; 
**fMtt-C^«)^Ii|Lfc. i^Hfii, 6.7mltf>Pharmalyte 2 . 5-5£rl 5g<7^fft £ 

fflVMOF^K 1 t-C 5 Wfl Wit 5 r ^ Cio t»I L^io pM^{i:4.5-' 

Centrieluter (Amicon, Danvers, MA) &tfc& y h t7^i=- ft 10, 000CO Centric 
on (Amicon) W^7^-^- IP*>> 0. 18^Tris»«ffl?pH8.8, 100 

tf/WK 25~30mA. 3 B#|SJ£:fflV^T>f y»^b7 7 -f b Ufc G 
Sephadex G-25 (Pharmacia) SrflSV^fcy/HHi^'j: oT-f y»©»«fK*:0. 1M£> 



«lc*«j«K*Sc»aS«fc*6ttUfc 0 75^IB (1500^ h-B#) <n?^7*—* 
*>y^t£, 2.25^4.25cm©y/^y K«>i-*l»«^6>»0fflL, ^y hta^oi^ 

^mmtu&i,, ^MyKMit -ry^io. ik 12. 

13&t/143ftS.y^^<s/ K^&SStHL> Centricon-10 (Amicon) ^SrfflV^fcPB 
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\at.2BQxm(O^^tStt2S0nm<D^L^tStt(D^f^it (Azso /A26O ) ^1 .36±0. 1 lTfo 
Zfc. m%L%>5Rrf6 (/U7t^^^OT (7)^(-fiA28o /A260 

Jt^l.68±0.20r-fe5, << yM#14*&rWfrbt&fiyirZ> 9U»»2RXf3itX^ 
*C«»!«i5Xt/6O5p*&A280 /A260 Jfcti:**, 1.39±0.11&tfl.74±0.09"OS>5 

*<**ifii/\ Sfcfl77y K^^S^lij^liK^t-Sffi^^ifi^. ft 

t LtQ-t77 0-^Srffl^5J:5(-*]ELfc) Laib<DllJ£#J 2 CSotlS 
Lfcffl^^y hu^i^vcD^SjAzso /Azeo fcbttl .91±0.04t?fc5 o 

±&<DZt < , -< yj&mwmn 6 com«»«n, -f y*4-i3Sr*trta»*.^ 

trt^U7t-^^^lfc. pH9I5£ffi3.7^4.8&*1-£T>'*9>l' 
77 y h-<y K*mjS«»*»fil«ffl Lfc. ®M#5kmmz79iy b*<y K* 
7 p l/7t^'^U T>-*7^ MaffSrl!ft*i--6fc«)lCia^itiil (Centrico 
n-10) ^y?F^9> 10, IK 12JW«1336S#b*tfc. 

Sb/c^y hofefy (<>< ym~~u(om&m (Dmrnm^oAo-o.^comt 

thU ^^{CML, Jourdian^, J. Biol. Chem. 246, 430 (1971) s <7^NI 
(DlglE^miZXoXi/T/l'mSM&ftVT'fZa 0.35MO«t^-e80 < CT*30^rpWD7k 
»fl?t5r^aoTi^^^S^bv/7;WIS$ri§l, #Wttfc*IWfc 
h y *AT-S»Sr*firr5o ^y h n ^xfy^ y/^f o#«t^^t5 
fc^id, Bio-RadtCtoT^^ix^r j/-fe>fWaKRt5»*ife#«4rffll\ * h 

ffl^TBradford^W^ftTiy-tr-f (Bradford Anal. Biochem. 72, 248 (1976 
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tsic^t. i»T-fcfcDO'>r/nft©«»c«orfi«tt (-fy»9) dibits 

&ftT-#ib*Vj^7-c#\ r O'T y^<0->T/l-^*(4IEFy^±(0»ffi)*te 
W^yj^tctblS-rsr i:(cJ;o-C*^-r-5„ -f yffi?5~8 (PS»#4) 

£ 1 

;u jl ) 

-f V W 13 12. 9 + 0. 5 

-f V J£ 12 11. 8 + 0. 2 

-f Vill 11. 0 + 0. 2 

^ vilO 9. 8 + 0. 3 

-< V ^ 9 8. 9 + 0. 6 

^ V (9-14) 11. 3 + 0.2 

^i^S'J^i-^fc^tci, ZSOnmCDPjfcftg. Bradford^ IT 5/ ir-f Xtf^ 

y hoaRai^^RIAlCiortftjei-S. fiK*fi-Cft^*jllL*ii*Dffi^ (e 
xhypoxic polycythemic mouse) <Dy<^( ;tf*T ryir^ (Cotes Nature 191 , 1065 
(1961) ) £rfflv\ ffl*f«jin vivo±«flH*Srj«lffii-«o F^^^7 
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31 y hntfrn^j^aHB/hM vivo 

in vivotbgtt<0<t*S»bixfc. *Bt/ml"e*StLfc^l>^^-f ^-r y^tom& 

l^^w^Iimaot^Sta^ 31 y hp^xfy^y^yfKi 

IfijCin vivoT 5 — ^SrfflV^ 3otf);&7A£^ttStt£ff*U ^ffi/mg^i y h 

nsfrxi^stf y^^K*. 280nm<£>R3feK, 7 v^-f ^ -/ T ^ir-T fcteB 

radford* W^fT yfe^g»^5>ftSlfc, -f y*9- 14 

X^iJ ha^zn^^^Bradford^^^^«T ^y±^C<D^mt LT^ffl bfc 0 Brad 

fordT y i-r-f £rtf 5 £ # tn ttS D * < * o T V ^SSJM* fc V > < o^fc o fc<DT\ 

Bradford^ 

ui^, aim, ^ie««5^w^aoT»K*ix>r y^9—i4cos^^^-rs 

7K^^>7^y-<^ K0.807mg/A28o SrSKtS^ilCiot, ^fifc/Azso M^SI 
U#6 0 3i y h ><DPRft&M (1.345mg/A28o ) ^ m 

y hnTKm^^^^^/N^KcO^^^^^a^a* (*?I60SJI%^ Davis^, Biochem 
istry 26, 2633 (1987) ) £rf£g? LTH tU S ftfc* ]) b u Vtf ]) **?<9- K 

mg/Azso t?*>5 (IP*>, 3i y h D^fji^V1.345mg/A280 x 7tf y KO . 60mg/mg 

my hn7Km^> = 7Ky-<7 P ^K0.807nig/A280 ) 0 Wi/mg3i y h n if^ 

^^#y-<^K-C*SixfcifcffitttC, >Ky^^K0.60mg/mg3iy Fu^xf 
^y/^S^i/^M^flt^i:, Jfcffitt£¥{fc/mg3i y hn^xf>i 
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in vivolfciS&tt^**i^aftH:3Bb<, rttb^tOiftLSS^o^^^j: 

^e>-efc^>5o >ry»9&W3S:tti*tt3^* ( I25 i) 7yh*t? 
y»»£»»<pigft 

Wft»***BU lOmMOTris, pH7. 

^T^ ; fi*i-^19.6mlO^^rCuS04^T*20/iM(CL > # y h a^iNf XO. 45 S ^ p > 
©7>f;^- -effiigb, 4X:cO10niMCOTris, pH6 . 8—7 . 0-e^^t: bT*3V>fcQ--fe 
7 r Fast Flow (Pharmacia) £r?E«L7^<:y U a— .Mml GK£ 1.05c 

n^^^w y»fi^feta«i-s^*^cr^jli*fflv^5figuo6fflo^7i^ 

ltll NaOH-CpH4.7{C«ISb^l50mM^BfK, lmMCO^yv^ 20pM<DCuS04 , 6 
IM>R*J&>fefiJi!K ^7^#2T-(i, NaOH-CpH4.7JcWSEb^200mM(Oif», ImM 
C0i/yi/>, 20mM(7)CuS04 > 6M<0R*a>bf£»9, ^7^#3tU NaOHT*pH4.7 
fcWftLfc250mM<DSI®, 1 mM(D^ y £/>\ 20m M<E>CuS04 . m<D%Lmfrhf& "9 , 
*.7A#4tlt NaOH^pH4.7{cWSELfc300mMOR», lmMCD^y »\ 20^M 
(7) 
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CuS0 4> 6M0>RXd»e>jA9* *7A#5t*H 150mM<Dlfcg^. lmM<7}^y -»\ 20 
/iMOCuS04, 6MOR*^bfiK9. #7*#6-Cli, 300mMOftK, lmMO^y^ 
>\ 20 M(OCuS04 . 6Mtf>Sc*a>e>J#5o # 7 ASF*0>8~~1 lf&CDlOmMOTris-HCl 
, 55mMtf)NaCl, 20mMcOCuSQ4, pH7J£«fcoT#;& 7 £K:<fcoT# 
7AOpHftjB7fC±W' 5 0 10mM6DTris-HCl v 140mM(ONaCl, 20 /x M<DCuS04 , pH7.0 

#*7A^bSfflLfc^f V16>"?~- ^SrftSlL, AmiconCentricon-lO^ftSffi^ 

3i y hoTt^c^w y7gi£-g*£r*H\ m3<D&ffi<D<?/isU— islZTF-r ^ VM 
5mMtf)fiflR, lmM<D^yi/V, 20 /u MOCuS0 4 . m<DRt^X'% 7 J»&9cfrl,. ±5£ 

gjjflS : Q-t7 7 JnOjgpH^ia^fflV^m&X.^ y hP^^WV^ 

A^fi^^2f&^10mMOTris-HCl, pH7.0T*# 7 A £t&^U *l/^7^i 
O^lOffiFO 2mM0>fflF&/ 1 xMCD? V W20w Mtf)CuS04/6M£>^* (pH^4.8) T?8lc 

>r yjK So m(omm/im^(D^v ^>/20fj,u<Dc\}so4^(Dm2xM(Dmm^ 

bfcH^bT40niM(O^^/6M(D^^/lmM^^y W20/i M<OCuS04 (pH#?J 4 ) fcPJ 
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Jhi" 6 fc fc. , P H £ 6- 8 . 5 CD tSffi fc#£*¥i- 5 ft ftcOTr isSWSc * (X* L T ^ 

Bl4ii, ro^l««cior** , Sixfc-<y»8'-llo»IltSr^"t-. < ^S^^S 
-eiJ^MCffe&^XmFfZfrt^ y^l2-14(i, lOmMCOTris-HCl, UOmMCONaCl 
. 20mMcDCuS04 (pH7.0) J&> ^^5»ft«t^ w £ fc «t o T^tti £-££o ( 
«*-e»«lfc^*fcH:i<fct f y ^BSfciotSffi Lfc) ^fVM> La 
i ^> co^J&^fj 2 tcifE^o J: 5>fti£f@^ u^h?7 7 4—RXfi#/i'm&**'Thy 

5fc^r (SEQ ID. NO : 26) 0 =^V fn^xf y^ft»^y =i 
ffl©f»^W*H6A-CJcejBuaT«J:RWi-5 0 

*r-&j*Lfc. - 

[Asn 4 , Ser 6 ] EPO : 5* CGCCCACCAAACCTCAGCTGTGACAGCCGA3 ' 

(SEQ ID NO : I) 
[Asn 9 , Ser 11 ] EPO : 5' ATCTGTACAACCGAAGCCTGGAGAGGT3 ' 

(SEQ ID NO : 2) 



[Asn 69 ] EPO : 5' GGGCCTGGCCAACCTGTCGGAAG3 ' 

(SEQ ID NO : 3) 
[Asn 124 ] EPO : 5' TCCCCTCCAGATAATGCCTC AGCTGC3 ' 

(SEQ ID NO : 4) 
[Asn 125 , Ser 127 ] EPO : 5' CAGATGCGAACTCATCTGCTCCAC3 ' 

(SEQ ID NO : 5) 
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[Asn 163 , Ser 165 ] EPO : 
5 ' AGGCCTGCAGGAATGGGAGCAGATGACCAGGTG3 ' 

(SEQ ID NO : 6) 
[Thr 125 ] EPO : 5' TCCAGATGCGACCTCAGCTGCTC3 * 

(SEQ ID NO : 7) 
[Pro 124 , Thr 125 ] EPO : 5' CCTCCAGATCCGACCTCAGCTGC3 ' 

(SEQ ID NO : 8) 

Asn4{dN-^y iSB >mtiL*mU-FZtz$>{C [Asn4, Ser 6 ] EPOSMflSI 

L/Cc Asn9^N-^y n^u~ is 3 yM^Dt^fc^C [Asn 9 , Ser 11 ] EPO£ 
mm\^ti 0 Asn69{CN-^y z*is\s—isa ^W$L*tt1m1rZ>KLV>\z. [Asn 69 ] EPOSr 
flligLfCo Asnl25tCN-^y ->a ^&&tt1WirZ>tz 

[Asn 125 , Ser 127 ] EPOSrflt^Lfco Thrl25fC0-^ V = is is— is a 
ttM+ttlbKL [Thr 125 ] EPO&U? [Pro 124 , Thr 125 ] Lfc. 

[Asn 69 , Thr 71 ] EPO : 5* GGGCCTGGCCAACCTGACAGAAGCTGTC3 ' 

(SEQ ID NO : 9) 
[Ser 68 , Asn 69 , Thr 71 ] EPO : 
5' CAGGGCCTG TCCAAC CTGAC AGAAGCTGTC3 ' 

(SEQ ID NO : 10) 
[Asn 125 , Thr 127 ] EPO : 5' CAGATGCGAACTCAACGGCTCCAC3 ' 

(SEQ ID NO : 11) 
[Asn 125 , Thr 127 , Thr 131 ] EPO : 
5' ATGCGAACTCAACGGCTCCACTCACAACAATCACT3 ' 

(SEQ ID NO : 12) 
[Pro 124 , Asn 125 , Ser 127 ] EPO : 
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5' CCAGAT CCAAATT CATCTGCTCCACTC3 ' 
(SEQ ID NO : 13) 
[Pro 124 , Asn 125 , Thr 127 ] EPO : 
5' CCAGATCCAAATTCAACAGCTCCACTC3 ' 

(SEQ ID NO : 14) 
[Thr 125 , Thr 126 ] EPO : 5' CCAGATGCG ACAACA GCTGCTCCA3 ' 

(SEQ ID NO : 15) 
[Pro 124 , Thr 125 , Thr 126 , Thr 131 ] EPO : 
[Pro 124 , Thr 125 ] EPO cDNA^biiJSI U * V =0* ^ K^-f 5' A 

GATCCGACCACCGCTGCTCCAC3 ' (SEQ ID. NO : 16) ^IfC, [Pro 124 , Thr 125 
, Thr 126 ] EP0£^S4i-£o =f5C^U^K^7>f 5' TGCTCCACTCAC 

AACAATCACTG3' (SEQ ID. : 17) ^ftfflLT, [Pro 124 , Thr 125 , Thr 126 , Thr 1 
31 ] EP0£ftSH-£ o 

Asn69(CN-^y =i*>U— v-a >-ffl5ffiSrf+*D 11 O^icON-^ U v"a >- 

4r»-fbi-Sfc«>^ CAsn 69 , Thr 71 ] EPO&rj: [Ser 68 , Asn 69 , Thr 71 ] EP0*«jg 
1"5 0 Asnl25icN-^y a^u— a ^«fPffiS:#A0 Ll^lFBffiO^ y ="VU- v-a 
^&3Sft-rSfc*^ [Asn 125 , Thr 127 ] EPO, [Asn 125 , Thr 127 , Thr 131 ] EPO, 
[Pro 124 , Asn 125 , Ser 127 ] EPO&TJ* [Pro 124 , Asn 125 , Thr 127 ] EP0£:flK8-t"5 
o Thrl25iC0-^y =*->U— is a ^«Wtt*T#*D b 1 <D&tiL<DJf ]) ^v-U— fa 
%Mt~tZ>tifr\C^ [Thr 125 , Thr 126 ] EPO&tf [Pro 124 , Thr 125 , Thr 126 , 

Ser 131 ] EP0*«*i"S. 

in vitro^*SSaR3Sffl^y hD^ai^^DNA^y — ^^^^ KHul3. p 

lO^^t h^iy f> n/K^^VcDNA^ n — ^"Cfoofc (Law£>. Proc Natl. Acad 
. Sci. 83, 6920 (1986) ) 0 Hul3fclSlSW:/7* S BstEII&tfBglll 

, 810&S2t (bp) £>aiy hu/t?rc^VDNA^7^^ ^ h^r, GeneClean™ * 3/ h 
3ftUW56**m:orft«**Lfc*W (BIO 101, Inc. ) fcffl^t^b»l 



(34) 



Ufc 0 Lin»fK ^|2«c^n-CV>6J:9i-> 77*$ KpBRgHuEPOi*. my 

hn^zn^-v^y Aitfc^£pBR322<7>M>gf£(-}f A£ft/iBamHI^ 7 ^ V h i: 
LT^tfo P BRgHuEPO^rfB]C<BstEII^t/BglIir^^L, 6517bp<7X^ ^ 
V h^rlHliRLfCo 2o(D77^ > h^^LTIGTl^#^tbfc 0 pEC-l£*S 
^-T^fc^^, pDSVL (Lin#fF. ^l2«cSit/El5B^igl^) ^BamHIT^t: 

U my hPz}fm^>'cDNA^OIGTHc:S^^2,8^nJ^S (kb) O^gtBamHI^ 
h^IGTl(c^L7t 0 
in vitro^^^^^^-^DNA^^K-r^^^^. pEC-1 ^BamHI&tfBgl 

ii-t^PHkU 820b P ^^y hpfcf 

VcDNA^^^^ > h£¥Bf Lfc 0 ^(D?^?* V h ^ml3mpl80BamHI^i5{5:tC^ 
LTml3-EC-l^^KLfCo Kunkel^, Methods in Enzymol. 154, 367 (1987) R 
Messing, Methods in Enzymol. 101, 20 (1983) (Cffi«£ ttfc#HRT-ml3-EC-l 
(C^^^fc^^RZ1032«(O±«^^--*^DNA^lRll|XLfc o in vitro^^ 

^mm<Dtz #>tc^ m\n g<D-*mvm t o . 2 tr = ^^co±fE^^ 7^-^10 

6^1(7)^®^ (250mM<DTris, pH7.8, 50mMCOMgCl2 ^I/50mMcO v 1 ^^ h U 

#Sra£<7)fc #2.5/il<DdTTP, dATP, dGTP, dCTP&lMTP (-T^TIOmM) 

SrSStaU ^^ImI (l*tM£) CO^CliffiDNA^y ^ 7— tf (Klenow^^^^^ 
M OT4 DNAy #~ tf ££^nLfc 0 &^I^$j£l4 0 CT— ^ 

^f^a^fU iBtt^tb^^jH (Messing, M) T^fc»«JM109 " (Yanisch- 
Perron^ Gene 33, 103 (1985) ) (DBWmm^&m L^ 0 

^^±(75^7 — ^^rGene Scree 

n^/i^- (New England Nuclear) ^Lfc 0 7 ^ A** — ^P^7 ^Tdifc 
JftU ^V^T*l%SDS^cD6XSSC^^60 o CT*l^-r V^r^-<- h bfco W 
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— £:*IC6XSSC. 0.5%SDS^t/100mg/ralcO^^^-DNA*r% [Asn 124 ] 3Zm$C 
m<Vtz*b^m7X:, [Asn 4 , Ser 6 ] mm^<Dtz.$>\C\tt°C. [Thr 125 ] RXf [ 
Pro 124 , Thr 125 ] ^m&gt<Vfr$>^m5°CM.mz [Asn 9 , Ser 11 ] RZf [Asn 163 
, Ser 155 ] &m^mcDtctb^te70X:X\ -^>*^-hL*: 0 WB > 7 ^vl- 

^ft^f-te. W^M^V hnTK^^VcDNAlfl^J^^-r^^ — y 



[Asn 4 , Ser 6 ] . [Asn 9 , Ser 11 ] , [Asn 69 ] , [Asn 124 ] . [Asn 125 ] . [ 
Ser 127 ] , [Asn 163 , Ser 165 ] , [Thr 125 ] R& [Pro 124 , Thr 125 ] <D X otOt 
SSr-^tf— *«ml3-EC-l DNA^^M& (Holmes^. Anal. Biochem 117, 193 (19 
81) ) tC^oT, F7^7^^ hJM109fflJ!&^^lHll|XLfc o DNA£:BstEII&U%i 
olid J: oT^HfcU 810bp<Z)^cy \>utf^^mk77?* V hSr^Ktb^c pEC 
-lSrBstEn-CJHfbLftV^BglII-t?»4>M{tU, »e>^7 7 ^ ^ h <D5' 

lOmMOTris, pH8*<Diffl^t£TA'>(7 y 7 7 oXGOTCX^Oftm 
H y Lfdo 810bP^)BStEII-BglII^ 7 ^ > h a*5c5fc Lfc 7 kb<7X^ * 

7$ /KS£41-55£^£ii:5in vitro5E«SSCIWI»JiiJ:o-C3iy 
( P EC34) £r*igbfc 0 ;w«*tLm ±9*3^ (775 
bpco) EP0^#BstEII-BglII7 7^^ is htmbtltCo :©77^>h«: 
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(c, ±a^coj:5(-pEC34^BstEii-cf^bb, Bgiii-e^m^u, j&y>-^u 

fV77^>h i-S^ b fc e pEC34 ^(^u^ym^^ao TEi 



(37) 



8-506023 



^ 3 



mm 



Nl 

N2 

N3 

N4 

N5 
N6 

N7 
N8 

N9 

N10 
Nil 

N12 

N13 

N14 

N15 



Asn*Ser* 
Asn^Ser 11 
Asnl9Thr2i 
Asn30Thr32 

Asn< 2 
Ser42Asn43Thr45 



Ser« 
Asn5iThr53 

Asn57Thr59 

Ser«BAsn69Thr 71 

Asn«BThr90 

Ser*7 Asn 88Thr 90 
Ser« 7 Asn88Thr^0Thr92 



CGC-»AAC 

ATC->AGC 

AGC-»AAC 

GTC-»AGC 

GCC-4AAC 

GAG— »ACG 

GCT— »AAT 

CAC-»ACG 

CCA-»AAT 

CCA->TCA 

GAC-»AAC 

AAA— fcACA 

TAT-»TCT 

TGG-»AAT 

AGG-*ACG 

GGG-*AAG 

CAG-^ACG 

CTG-4AAC 

CTG->AAC 

TCG->ACA 

Nil plus 
GCC-*TCC 
TGG— »AAT 
CCC->ACC 

N13 plus 
CCG-*TCG 

N14 plus 
CAG->ACG 
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* 3 GR3) 



NO. 



75; 



N16 
N17 
N18 

N19 



N20 

N21 
K22 
N23 
N24 

N25 
N26 

N27 
N28 



Ser87Asn88Thr«0Alal62 

Asn8BSer90 
Val87Asn88Thr90 

Ser87Asn88Gly89Thr90 

Asn89lle&0Thr91 
Ser87Asn89Ile90Thr9i 

Asniisvali^i 
Asnl2i Serl22Tlirl2 3 



Asni24 
Seri22Asni24 

Asnl25seri27 

Asni25Thri27 



N14 plus 
AGG—*GCG 

TGG-»AAT 
CCC-VTCC 
CCG-*GTG 
TGG-*AAT 
CCC-»ACC 
CCG-»TCG 
TGG— »AAT 
GAG— K5GG 
CCC-»ACC 
GAG— >AAC 
CCC-*ATC 
CTG-*ACG 

N20 plus 

CCG-»TCG 

GGA— »AAC 

CAG-»ACG 

GCC-»AAC 

CCT— *GTT 

CCT->AAT 

CCA-+TCA 

GAT-KACT 

GCG->AAT 

CCA-»TCA 

GCG-*AAC 

GCC-+AAC 

GCT-VTCT 

GCC->AAC 

GCT->ACG 



(39) 



W* 1 ? 8-506023 



& 3 0K#) 



No- 



N29 



N30 



N31 
N32 



£ , eu l2Xseri-22A Sn i25Thr 1 27 



Thri20Glyi22i^ul23Asnl"Thri27 



Asni26seri26 



Asnl26Thrl28val 129 



N33 Leu 12 iSeri22As n i 2 ^Thri28val 12 » 



N34 Thr3L23.Glyl23Serl25Asnl26Thrl28vall2d 



N35 

N36 
N37 

N38 
N39 

N40 

N41 



Seri29Asni30 

Asni32 
Asnl34Thrl36 

Asni35 
Asnl36Thri38 

Asnl37 T hrl39 
Asnl38Thrl«0 



K28 plus 

cct-*ctt 

CCA->TCA 
N28 plus 
TCC-»ACC 

CGC-K3GG 
GAT-*CTC 
TCA->AAT 
GCT~*TCT 
TCA— >AAT 
GCT— »ACT 
CCA-K5TA 

N32 plus 
CCT->CTT 

CCA-VTCA 

N32 plus 

CCT-*ACG 

GAT— »GGG 

GCC-»TCC 

CCA->AGC 

CTC-»AAC 

ACA-»AAC 

ACT— >AAT 

GAC-»ACC 

GCT—fcAAT 

GAC-»AAC 

TTC-+ACC 

ACT— »AAT 

CGC->ACC 

TTC-»AAC 

AAA— >ACA 



(40) 



8-506023 



S 3 QR«) 



No * 



7^ 



N42 

N43 



N44 

N45 
N46 
N47 
N48 



Asn"4 
Serl43Thri49vallS0 



Gly 148 Thrl« 

Asn30Thr32val87Asn8 fi Thr^0 
Asn€9Thr7iSerS7Asn8eThr9° 



GTC-»AAC 
TTC-»TCC 
CTC->ACC 
CGG-»GTG 
TTC-K5GC 
CTC-*ACC 
CTG— >AAT 
ACA— >AAT 
N4 and N18 
Nil and N14 



(41) 



»8-506023 



ai 4 

3. <j hniKif y&ffifr 





■7 ~ J US Iff}® 




Ol 


Ser* 


31 TP— mf^f* 

rl X L^fAuL. 


02 


Ser 7 


i. vat x "T x 


03 


SerB 


V3xVta#^^«\3V^ 


04 




x ^ * X L» X 


05 


a to 

Ser** 




06 


Ser23 




07 


Ser 29 


1 Va X mmi w\a\m> 


OB 


Ser29 




09 


ft 

Ser30 


V3\— 1 ™"T 1L»1 


010 


Ser33 


1 VaV»""^XVw»»/4. 


Oil 


Ser37 


\±%n\3~^ X WW 


012 




X Al / XV** X 


013 


Ser 61 


XxiT"7 X W\ 


014 


Ser*3 




015 


Ser« 7 




016 


Ser€B 




017 


_ mm ft 

Ser 70 




018 


Ser 7 3 


O^* X ^^X V».X 


019 


Ser 74 


VAX w~lvi 


020 


Ser 7 5 


CTG-»TCG 


021 


Ser 7 9 


GCC-*TCC 


022 


Ser* 1 


TTG— >TCG 


023 


Ser** 


CAG->TCG 


024 


Ser 8 7 


CCG— »TCG 


025 


Ser« 


CTG->TCG 


026 




GCC-+TCC 


027 


Ser« 


GTC-»TCC 


028 


Ser 1 * 2 


CTT— »TCT 


029 


Ser 1 ^ 


CGC-»AGT 



(42) 



8-506023 



SffiM£ No . 


m 4 


* 




Ser 10S 


CTC-*AGC 






CTT— >TCT 




Ser 111 


GCT-»TCT 


033 




CTG— >TCG 






GCC-»TCC 




Ser*28 


GCT-»TCT 


QJfo 


c er 159 


TCG— »GAG 


037 


serial 


TGC-*TCC 




Pro 125 Ser 127 


GCC-»CCC 






GCT-+TCT 




Thr 62 


GAA-*ACA 


AAA 




TGG— »ACG 


fiA 1 


Thr 65 


CAG-»ACG 




Thr88 


TGG-4ACG 




Thr 90 


CCC^ACC 




Thr* 2 


CAG->ACG 


045 




AGT— »ACT 


046 


xiir AAU 


CGG-»ACG 


047 


Thr 115 


CAG-»ACG 


048 




GAT— +ACT 


049 


A J. A A 


GCG-+ACG 


05 0 




GCC-+ACC 




Thr^Sser^ 27 


GCC-+ACC 




GCT-+TCT 


052 


Tlir 125Thxl26 


GCC->ACA 




TCA-*ACA 


053 


Thr 126 


TCA->ACC 


054 . 


Thrl 27 


GCT-»ACT 


055 


Thri30 


CTC-»ACC 



(43) 



1fS¥8-5 0 6 0 2 3 



£ 4 CR&) 



056 
057 
058 
059 

060 

061 

062 



Thrl31 
Thrl36 
Thri*0 
Pro l24Thrl25 

Pro 124Thrl2SThrl26 
p ro i24xhri25Thri26Thri3i 

HGG C-£ *ft j£ -fi. ¥p 

m 5 



CGA-»ACA 
GAC-»ACC 
AAA— »ACA 
GCG-»CCG 
GCC-»ACC 

059 plus 
TCA-»ACC 

060 plus 
CGA-*ACA 



N01 
N02 



Ser 87 Asn 88 Thr 90 



N14R ^062 



HCG C-^ffiM^Stf 

Asn 30 Thr 32 Val 87 Asn 88 Thr fl() N47S. tf062 
HCG C-3fc3SS3i SSB 



KpDSa2Wg|*i*-C-fe5pDECA(ca:y h a jflni^cDNASrif At"?. - 
ttCio-CpDEC-X (X(4IS©<*##) t-fo&£tl1t77X$ K£«fgLfc„ 
^*-pDSa2f4PCT#ifffiIiINo. VI090/14363{c«EIft£;h,-Cl/ , >5. pDEC A fipDS a 

(1) P DSa2«>DHA*HindIII-C^{kL, HindIIItt***&S£*:)j§SGDDNA/K y /■ 

tS^tiaot, pDSa2©HtadIIIgBtt£;fc^£-frfc 0 # bit*::/ 5* 5 Kttp 



(44) 8-506023 

DSa2AHffoo3t 0 

(2) P DSa2AH4rSalIT*f^L, Ztl\£* SVAO^^y >T 

y-r/v**??^ Xi/PI-A'tD? ^td^LfcSaliy >*-k&\C^Z&f& 
HtV^jlt K«r*££> Ltz 0 y # Ki4BT©B?l (SEQ ID 

. NO : 18) Sr*bTV^. 

5* TCGAGGAACTGAAAAACCAGAAAGTTAACTGGTAAGTTTAGT 
CTTTTTGTCTTTTATTTCAGGTCCCGGATCCGGTGGTGGTGCAAATCA 
AAGAACTGCTCCTCAGTGGATGTTGCCTTTACTTCTAGGCCTGTACGG 
AAGTGTTACTTCTGCTCTAAAAGCTGCTGCAACAAGCTGGTCGACC3 , 
&btlfcyyx$ Kf±pDSa2AH^^ P ^^^r^ofc 0 

(3) pDSa2AH*:/^*£SalI^{fcU T4 DNAzKU J- y — tf,&.TJ*dNTP"C# 
»5^*»a-t-5ri:lCj:o-CSp»*«ftUfc. 820bpOBamHI-BglIIt: My h 

(4) pDECSrKpniat/PvuII-eiHfbb, tt3f*«£mung beanp? ^ l/T—fefTfe 
3S-T5r^fcJ:oT¥»*«S^Ufeo «JBfebfcKpnI-PvuII177^>h«r^5fe 

BstEII-C^iHftLJkV^-eBglll-tfW^Wffci-S - KioTpDECA^pDEC- 
y* $ K*$tp810bp(OBstEII-BglII7 7^^ > HO^Lfc 0 

o 

pDEC (N47) &l>pDEC (N48) (DM^ 

asn30 thr32 val87 asnSSRXfithrVQ&tt&mi'a frpDEC (N47) pDEC (Nl8 
) &tfpDEC (N4) frhmm^fco PDEC (Nl8) ^Hindll^t^glllX^Sft U 445b 
p(077^>h^*«Uo pDEC (N4) S:BstEIIXt/HindIII"C?H{fcL^ 377bp 



(45) 



<Oy=7^^ Vh$r*gSLfeo ^tlb<D20<D77i7* y JiiZ^J: 9 (CBstE 

IIS:t/BglIIT^irL/'cpDECA{ci^LTpDEC (N47) *mz 0 

asn69 thr71 ser87 asn88&O<thr90^^£^tfpDEC (N48) pDEC (N14 
) &U<pDEC (Nil) ^^«^L7t 0 pDEC (N14) £HindII&OTglimmt U 445 
bp(D7 7^ >- h£¥HtLfc 0 pDEC (Nil) ^BstEimmiindlir^bL, 377bp 
(Dyyf* > h^m^bfc e r^lf)^2o(7)77^^>'M:, ±*Eco <fc 2 tCBstE 
IIRt^glllT^SfLfcpDECAJCl^LTpDEC (N48) £#7c 0 

pDEC (062) (Omm (HCG-^y hP^xfyjjjA) 

pECl£, t hM^^t K h p t°y^;^>'>^28i(7)r (ser- 
ser-ser-ser-lys-ala-pro-pro-pro-ser-leu-pro-ser-pro-ser-arg-leu-pro-gly- 
pro-ser-asp-thr-pro-ile-leu-pro-gln) (SEQ ID. NO : 25) (Pierce Ann. 
Rev. Biochem. 50, 465 (1981) .) £^m07J^^StuI-Bgin^J&DNA V 
— ir^bpDEC (062) &%R±LXtz 0 V ^^—(D^m^^T^'t. 
5 ' CCTGTAGGACAGGGGACAGATCCTCTTCCTCAAAGGCCCCTCCCCCCAGCCTTC- 
3 ' GGACATCCTGTCCCCTGTCTAGGAGAAGG AGTTTCCGGGGAGGGGGGTCGGAAG - 
5 ' CAAGTCCATCCCGACTCCCGGGGCCCTCGGACACCCCGATCCTCCCACAATGA 

(SEQ ID. NO : 19) 
3 ' GTTCAGGTAGGGCTGAGGGCCCCGGGAGCCTGTGGGGCTAGGAGGGTGTTACTCTA 
G (SEQ ID. NO : 20) 

pECl^StuI^OTglllT^tib. 610bpCODNA7^^^ > hSr^fif 
>-$-ZkTPRXftfV*? K*-J— t?(£ £ oty ySfct, pECl^^ 
V K£#fc, ±S!co J; 5 lc^feBstEII-C?WffcLBglII"C»»JHfkL^:pDECA(CiB 

pDEC (NOD <P«» 

pDEC (062) (HCG-EP0) ^tFpDEC (N14) (Ser 37 Asn 88 Thr 90 ) **?>pDEC (N01 
) &m±LXtz 0 pDEC177S:StuI&t^BglII"eJH^L, Ser 87 Asn 88 Thr 90 9m&Sk*: 
$tp610bp(^DNA7 7^^ V h&gene-cleanT-^BILfco pDEC (062) £StuI&t>*B 



(46) 



IW- 8-506023 



giimmbu wmmi$(D77y* > h^mmi^tz 0 2 mum? 7? 

pDEC (N02) <£>$fgg 

pDEC (062) (HCG-EPO) &t/pDEC (N47) (Asn 30 Thr 32 Val 87 Asn 88 Thr 90 ) *>ib 
pDEC (N02) &m±LXtc 0 pDEC (N47) £StuLftt*BglimH{b U Asn 30 Thr 32 Val 
87 Asn 88 Thr 90 gg#^S£^iP610bp<DDNA:7 y ^Vh^ GeneClean™ T^MiL 
fc 0 pDEC (062) 4rStuiatWBglIIt?«{bU, 107i£g*ftf>^ 7 ^ V h $r^fS L 
fco r*tib^2ocDDNA:7^^V V hS\ ±SiCO J; 5 ^#>BstEIIt?i'H{b LBglll 
-C»#ilMt LfcpDEC A Lfc 0 
pDEC (N16) (Ser 87 Asn 88 Thr 90 Ala 162 ) <Dm%k 

pDEC (N14) (Ser 87 Asn 88 Thr 90 ) &t>* p DEC258 (Ala 162 ) ^bpDEC (N16) * 
m$LXti 0 pDEC258(i±^(7)in vitro^#*3ES 



R»^H*ffl^T«MKU 162ffiOAGG= K^*GCG^SE*S*fc. pDEC (N14) £ 
StuI&T/BglimPHt; U Ser 87 Asn 88 Thr 90 ^£^£^tf>610bpODNA:7 7 ? * > 
l> SrGeneClean™ TfUMiLfc. pDEC258*StuIftt*BglII-CiH{fc U 210^^^^ 

stEII-C^fb LBglIlT?ttiHWfc LfcpDEC A fC*S^ 
pDEC (Rl) a (R2) (R3) g^ggg 

pDEC (N14) ^b^y = ^flHttS:l**i"'Sfc«>te* ser 87 asn 88 &tj< 

thr 90 g§£&^S£r$tanl3-EP0 (N14) &,T<D^7-{ ^-£fflV ±56co J: 5 
tCin vitro§8^*J*«»Lfc. 
5' GGAGGCCGAGCAGATCACGACGG3 ' GLN24 

(SEQ ID. NO : 21) 
5* CTTGAATGAGCAGATCACTGTCC3 ' GLN38 

(SEQ ID. NO : 22) 
5' CTGTTGGTCC AGTCTTCCCAG3 * GLN83 

(SEQ ID. NO : 23) 




(47) 8-506023 

ftbtltz^yXZ K*, pDEC (Rl) (gin 24 ser 87 asn 88 thr 90 ) , pDEC (R2) ( 
gin 38 ser 87 asn 88 thr 90 ) &U<pDEC (R3) (gin 83 

ser 87 asn 88 thr 90 ) tA*Lfc fl 4fc, ml3EC-l^r±IS^ ^ * K^9-f 
^--Cin vitro»«SE»BI»i-S , pEClO (gin 24 ) &tfpEC8 (gin 38 ) 3ft«»fe 

5' CCTGTTGGTCCAGTCTTCCCAGC3 * GLN83 . 

(SEQ ID.* NO : 24) 
£J8v>TpEC9 (gin 83 ) SrW^LfCo 

t hxy ho^^VCOcDNA^ p — [Asn 4 , Ser 6 ] EPO, [Asn 9 , Ser 11 ] 

EPO, [Asn 69 ] EPO, [Asn 124 ] EPO, [Asn 125 , Ser 127 ] EPO. [Asn 163 , Ser 16 

5 ] EPO, [Thr 125 ] EPO&tf [Pro 124 , Thr 125 ] EPOfC^^S^^cDNA^ n 

tm:, ^3, 4RV5 izieMiDmMtt&cmh? ^utyutf 

U-i/s >[z£oXCQS-\mm (ATCC NO. CRL-1650) {C^ALfc ¥M&tfM<0 

u^e>cos-i*wiss:»5iu. mm ( 5 %<o v isfeftikm t i%<?>l- s $ 

y/^^^> V h U^bW (Irvine Scientific) t SrStr£Ol"<3' =■ 

<0ttAf&*#ift) T?«5»U 4X10 6 M/mlT^W^^ii:fCo 1 ml<DM&£:^ u 
no^^a^^yh (Bio-Rad) l£»U 100-200 m g<DfefcMkt 2~ 
20/ig<^^y hDTjf^^affilffa— t^V^^S KDNA£tf>fiq3=Tf-. 25 M 
777^ K&t/16002S/U h T?Bio-Rad Gene PulseHCj; o 



^^#JEfefc»9 2xi0 6 ^T^«iS«Lfc o 2 ~ 4 #«)<Z>¥«#*«L *«B 
^ 5mlCO§r»^^^Ufc 0 Fd^I v-a >^>3~5 0m^HKb^ 




(48) #S?8-5 0 6 0 2 3 

(PBS) ^^O—SOmI^IiI^ot 1 ^ VA-ir7r n— ^SrftgEttHMIfc 
fcRftiU SfitiWy^r^-Mt iWSrit'kU PBSTifcfrU ft 

fe^fe^fflV^T^:«^C|E^C0^^^^ V##T (Bumette^. A 
nal.Biochem. U2, 195-203 (1981) ; Elliott^, Gene 79, 167-180 (1989) ) 
fdioT&SLfCo ^©±5*Ct*«lO, 9G8Aii, Elliott fe, (1989) Blood 
74, Supp. 1, A. 1228fcH2i££*l/r^5o 

[Asn 69 ] EPO&tf [Asn 125 , Ser 127 ] EPO^cDNAT h y 7 * * h LfcCOSflfl 

7) o 

[Thr 125 ] EPORtf [Pro 124 , Thr 125 ] EPOCOcDNAT? h y 7 =. ? h LfcCOS 

y hiWrSrHlOfc^H-. 
EP0^S^L^N-3S^*<k»«^|»^8J^i-53t«)^, H-^y iffcj: 
5»»«ft**USL^ 0 ^ffl^*fcf*rHuEP04rCHOfflJ9a*-C^S^it, 
■Hfc*tt*tt*Lfc. i*ifcl c {£40W£<Z)EP0 (H20T?15iil©«ci«E) ^Aix, 
*W»l B lJ:i0iil©0.5%SDS*:«ftlL, «S^3^«| 

£-&1t 0 £AT<&fi8$)\ EP^10.8/zl(D0.5MCONaP04, pH8.6, 5a<1<7}7.5% 

Ononidet P40^m.5/zl<O250*ffi/ml(DN-^y ^ (Genzyme) SrSSiPLfc 

o •W*r37 , C-eJBjeBffllK V"**^— h bfc 0 SDS-PAGE«3|BHK**R (±IB#HR) 




(49) 8-506023 
stain™ h (Vector laboratories) i-^uu-j-y h — jU&mWt L 

tsds-page*^ (io%r^y/ur^ K) #L3iLfc 0 ro^ia^t 

Egrie^, juffi> ^o-CRIASrHJfiL^io CLINIGEN™ EIA^ y V (RRmis* 
mfa&mto^<}X<Ds<<<(*T*y1Z'< (Cotesb, fflffl) ^y 
#btL/cJ»M^y hntf^V&r^T^y h n^jn^-^fa^Oin vivo£$? 

Iscove^, J. Cell Physiol. 83, 309-320 (1974) td|5Sc 



W*ft{C«jEeDx.m**3 o =-M7 3/ 1 >f I: J: o invitro^y h 
0/Jfai^>ffitt«:»JSLfc 0 t h#MM^^M^r> ficoll-paque^ ^v-a 

tf^>MUft&, acOSMJbff+'CRIA, EIAat/#Jk**=P^— «J*T y 
i?>f £ffi^T##f Lfc 0 Z.tl*>(DT-y±>n£J:tll£. flit hffi^y hn^x 
^>-tfU RUfS&tmmcDm vitroffitt&^rUTV^o ISffili* [Asn 69 ] EPO, [T 
hr 125 ] EPO&tf [Pro 124 , Thr 125 ] EP0J*RIAfiH± t l^?C0in vitroffitt*^ U 
r*U* («fflA^»EL*:J;5*) W^WR^fcttWS:*-*-*!!**:**. [Th 
r 125 ] FPORimiSLftM* NIK N14, N16, N18, N47. N48, 062, N01&tfN02£M 
\Cftffi-tZ>tztb\C^ hp^xfyif3M=i- K-r^cDNA^n-v4rCH0*IB 
fiajch^^^^ai^ hU CHOfflJfi±*SrRIA*feJiEIA^Vinvivofeftr jyfe-f 
i£tf>ltfc 0 g^^6iOTt 0 CHOWS 

±m^X*^^fhtcm^RU R2&l*R3<7Hn vivoStt** 7 td^-f. 




(50) !&0:¥- 8-506023 

In ?ito b 



epo £JftJ 






RIA Sfctt EIA 




3 C 


id 


0.6 


Asn30Thr32 




n.t. 


1.1 


Aan5lThr53 


4 


n.t . 


n.t. 




4 


n.t. 


n.t. 




4 




n.t. 




4 


n.t. 


0.25-0.7 


SerSSAanSSThrJl 


4 


n.t. 


n.t. 


valB7Aan86THr^0 


4 C 


n.t. 


1-8" 


Ser87AanS8 T Jir90 


3 ~4« 


IE« 


1.0 


Ser87Asn88 G lya9 T hr90 


4 


n.t. 


n.t. 


Ser87AsnB8Thr90 T hr92 


4 




n.t. 


Asn89ne90THr91 


4 


n.t. 


n.t. 


Ser87A3n89n e 90Thr91 


4 


n.t. 


n.t. 


Ser87 A sn88 T hr90Alal€2 


4 


n.t. 


1.8 




3—4 


n.t. 


n.t. 


Aanl38TtirH0 


3 — 4 


n.t- 


n.t. 


Asn6 9 T hr71 Ser 87Asn8 8 T hr 90 


4—5 


n.t. 


0.025-0.25 


Asn30 T hr32val87A»n88 X hr90 


4 ~ S« 


iE^ 


1.8 




3 


1 & 2* 


n.t . 


Xhrl25 


3 


1 & 2* 


0.7 


Prol24Thrl25 


3 


1 & 2f 


n.t. 


hcq c-5fS8J£fi«B 


3 


3 £Lh 3 


1.0-1.3 


Ser8 7 Aan88*hr90 






1.5 


HCG gSSB 


4 


3 0Lb* 




Asn30THr32vaa87Asn88Tnr90 




3 E*±9 




HCG gggg 


4—5 


0.8 



(51) 

^EIA^J:oTiiJ^L/c 0 

f 60%£Ji®£Thr 123 EP0»^36«2oO0-«-fr«*:*LTlr^5. ^)40%OThr 125 EP 

Lt^Sc 8O%£rJb05Pro 124 Thr 125 EP0^^2o 

N.T.WR-frTo 




(52) 8-506023 

m 7 

EPOgg ?IJ It- IS gg in vivojSfe 

R I A j <i: E I A 



t h 3 0. 69 

Gin 24 2 0.16 

Gin 38 2 0.16 

Gin 8 3 2 0. 23 

Gln 24 Ser 87 Asn 88 Thr 90 (Rl) 3 0.69 

Gln 38 Ser 87 Asn 88 Thr 90 (R2) 3 0.41 

Gln 83 Ser 87 Asn 88 Thr 9 0 (B3) 3 0.50 

Ser 87 Asn S8 Thr 9 0 3— 4 1.48 



RIA£fc{±EIA(-*hr5in vivo?§t£<7?ti;f2, S 6 OP&KfEm^JlHTJSil^ Lfc 

o 

[Thr 125 ] EPO (EPO 050) 

mmmeXD [section A] K:lE*<7>£?^y hD^xfylift [Thr 125 ] E 

po£«igLfc 0 [Thr 125 ] mm&m*^ 

fcy?*^ KpEC^BstEII&tfBglll-CMgJU :7 7 ^ > h £pDEC A [ P DSa2co 

wsmh mMMGicmm) \a&&~rz>zt\c£<>x. [Thr 125 ] 

tf810bp^^y hn^^cDNA^^ > H£*HffLfc 0 

[Thr 125 ] hD^^^cDNA^^tf^^^^ KpDEC A SrDHFR^CHO&TO 
Ch7^7xnLf: 0 770ml©CH0jNBja»Kt»»Sr, # y h^7^*10.000 




(53) 8-5 0 6 0.2 3 

b^&m&m^X&mi,. lOmMOTris-HCl, pH8.6(C^LS^434ml^-e 

n — ^Fast Flov/Ziy A K#JJ a. — ^ 5ml) iC^&ft U 10mM<DTris-HCl, p 

H8.6+0-250mM<DNaCl(7)iiGSft^Jffir^a3^-frfc o # 9 A^U^T U 3 - h Sr, # 
SQfS-C^fcttN-^y tf"CiH{b«, SDS-PAGE£/cteIEFK £oT#WU # 

4 4: A*) o /l^Vydac C4#9^ (214TPB 2030 ; HSlcm ; K^!)a 

— -M.8~2.5ml ; 0.34ml/#) U 10mMOTris-HCl, pH7. Q*P<DJJ 7 A^ft 

<O2f&^>20%^^y— ^t?as»-"Ufco 10mM(7)Tris, pH7 .0*tf>20-94%£>3i* / — 
J\'<DWM^&-e*7J*&fett£ J £1Zo 7"— ^£fNKU lOmMOTris-HCl, 

pH7.0M#RU Q~~£7 T a — ^Fast Flower 9 -A fd^JB bfd 0 10mM<DTris-HCl, 
pH7.0*T*ftff^ K»Sr2(taM©^3:^it^ h L> 250mMCONaCl, pH7.0T*^ 

(US-frt »»Lfc [Thr 125 ] /wSrIEF^J:o"C5>«fUia9(^ro 35^ 
±a!co*& (Cotesb, fltfM ) Tr^ix /KZHn vivo£^t££:#*f U 

Ser 87 Asn 88 Thr 90 EPO (EPO N14) 

h^77>f- ^bJ^S 3^pg^m$:ffi^-CEP0 N14Sfla^*»SSUyS:o -fa-^ss 

o 

1. EPO N14««ff*r»5ar5(M0ffliaroiMb#»*:«*U, YM1O0JI (Amicon) i: 
#^8U*»*fflV^T»2.5ffiF{J:ai«iU, lOmMcOTris, pH8. 5(C» L2l*f»iB Lfc e 

2. 2i*§igi&£, 10mM<£>Tris, pH8. 5*T?¥fEflS £^*:Q--fe 7 r * — *FF (Phann 
acia) #7-M£, tfti^O. 2cm/#T% 4tf 




(54) ^¥8-5 0 6 0 2 3 

flglmlfcfcUA2B0 ^ IZttZZX ?\Cftm^tz 0 

3. tf^J^mM (CV) <O3«<m0mM<DTris, pH8.5T*^7 7 A^ifc^L, 50 

CV+O0-0.5M<DNaCl/10mM<DTris, pH8. SO^DElT^ffi S-frfc. lCVO^BSriR* 

4 . #4Mf«>»WSrIEF^UpH 3-5 tCgS*P Lfc 0 IEF_b(D>< y ff^^T t-S^V 
, £t Ur-^y*n*-18Sr*tP»lil^— /t'SrfPllLfc. EDTA**J»«fl[linM^'C 

5. 20%^*/ — /iVlOmMOTris, pH7. 0*T*5p»ffc £-£fc iS?+SC4>& 7 A (Vydac 

) -f y^y P -/U^^ii2.5cm/^-e»^liDlfe^^A28o ^5^^5J:5« 
SLfdo ^7 7^^rlCV^20%^^y^/^/10mMcOTris, pH7.0Tift#U 30CV»f<Z> 
20-94%^* y~/tVlOmM<£>Tris, pH7.O0)*JE-e«BS 1 an/#"T?i8ttJ £-£-fc 0 0.2C 

6. #»IB0Ws|.Sr#at7cttl2%SDS-PAGEfCj;or»*fLfc. SbS^±*c<R*E 
**tfc^»0#£^S<3V^Tfl/r^2o©^— /USrf^KLfco ^-A-fl 1 teEP 
CW«frft*^rv^fc3^^4**r*A/-ev>4^o/t:. y p -^# 2 ttEPOffffilft: £ 4K 

7. Centricon 10 (Amicon) SrfflV^^— 1 *#&65fflFiC» 

«U ^-^# 2*r*b250fflF^»3IBUfc. #^-/u©«B»Sr20aiMO^3i>»^ 
h y ^/lOOmMONaCl, pH7.0ld3£& Lfc„ 

8. 20mM<^^3i^®^- b y ^/lOOmMONaCl, P H7.0*T^«b£^fcHPLC BioS 
il SEC-250 (BioRad) # 7 A-C*^— /U*r«»JlC»« Lfc c :A-A-£«3£2 . 26cm 
/#T?»flglmlfefc«9A28o 6 fcftSJ; 5^**Ufc. -r— fclSWS 

y/^-c»«fUfc. y p -/i-# 1 ii>r y?gi5-i7^)»ffiS:WLr*5 9, j\>>* 




(55) W«*P 8-506023 

1. EPO N14Sr»a"t*SCHOjNBll&<7)±»*S*L, FiltronMlni-UltrasettejESSIE 

lOmMOTris, pH8.5K# LSW»iS L*: 0 . * 

2. 10mM(DTris, pH8. St'KlSFIS'ffc £ -££:Q-ir 7 7 — * FF (Pharmacia) ;*7 7 
A^fl|3|iiSJf&S:«fEaS0.2cin/^-e»)!g 1 ml&fc 9 A 28 o #~10£ #5 £ 5 Lfc 

o 

3. %Wk^ #9A^ft (CV) O3f&<^10mM<OTris, pH8. 5T*# 9 A U 5 
OCV+^O-O.SMcONaCl/lOmMcOTris, pH8 . 50^gBT^tfc} £-£fc 0 lCV(£>^Pi£:*&* 

4. ^Mco^^rlEF^yU, pH 3 - 5 -egcft Lfc Q IEFK <fc oX9J^Lfc^ VJK 

-12) , t^yf^/v (^y^5-i5) ai;i(^y»^ (-f ym-^m & 

ftdttbfc. 

5. ^ y^^— /W^rVydac C4i5?*@HPLC;*7 7 ^TiBS'Kcfif® Lfc Q T-fe h~ h y 
/i-^^l%^#J^r^n^^0.1%TFA/H2 0^^0.1%TFA/75%rir h UA- 

6. &7—Jl'frhmUfcW— ?&1&MI^ 4fg^(^80mMCOTris-HCl/20mMCOTris 
SSttRL, ft^t?»fllL; ^JKBttCentricon 3£ffl^T«»ffi£l0niMOTri 
s, pH7.2^3t»Lfc 0 



7. #f&£f£ lmlfcfc^Azso jdS2(c*-5*"C10mMOTris, pH7.2T**fr^U 
C04M</r^> ? VHCl (GuHCl) , 10mM<^CHAPS, lOmMOTris, pH7.2£8$AtI Lt, K 
^tlsiai^ 1 mlfefc 9 cOAzso 1 left 5 cfc 5 LfCo #^^2Mc7DGuHCl, 5 
mMcoCHAPS, lOmMOTris, pH7 . 2X~¥-'i$s4k Zlttz t K n ^ ^7/^ h ^ 9 



(56) 4#3?¥ 8-506023 

8. ftmotydb&ZmfeXs, sl-ZttML, CentriconlOSrfflV^T^Sf^SrlOm 
S^-7 P -/U*SDS-PAGES.U«IEFy^-C*»WLfc 0 IEFy^*lll2(C^:-r o RIAS. 

^ 8 

X. ij ^p^xf >snfto^ v|©gtt 
EPOE ftj V ?^ ~g - A/ in vivog# 

Thr 1 25 V 8-12 147, 000" 

^71 9-15 215, 000" 
V 5£ 13-15 111, 000" 

Ser 87 Asn 88 Thr 90 <fVJB7-12 132,00 0 + 17,000 

^Vl 10-14 233. 000±39, 000 
4 V B 12-17 272, 000+14, 000 

«j.y hp^if>^^f KO; 'J / Ser 87 Asn 88 T 

hr^EPO'f 7^7*-;l/OA 28 o^t>> lral * tz 0 lag© *§ 

0. 93 *ffl^-r*ffl l/^o 

"Thr 1 2S EP0^ yiy-^lco^TIi, JUJfc l/fcStt7 » * 

# in t <s 2m tz -> fz. <r> -c m m m & & 12 & or^4^ B 



j^Sffls :EP0 mmiSlft<n£.%)^ft¥r& 
EPO mmiSLfc<D4 yMs'—^. *atfext h^y hntfoi^ (rHuEPO) BlO 5 




(57) %fm¥- 8-506023 

umx*itmLtz 0 epo muym-y—M^ mmmic^m^mnxmrn^rzo r 

HuEPOfS, Laib> With . [^otl«lfc 0 rHuEPO^ Vmm. J^TO^IHT^ 
MLfCo JyMlQ* IK 12. 13. 14&m5<^^g^7?P fbJ&£rHuEPO£, lOmMOTr 
is, pH7.2^^{fc£^fcQ-ir:7T *Fast Flow^^A' Hi£ = 11^2. 2cm ' 
X^£3.4cm) tC^UfCo ?EJK^^^^2mMO^/6M^^ dSSlffi ^Aj ) 

mmi-tZo 75Oml^0%-7.3%^800mM^/6M^* (Sffift TBj ) , 750 

ml*7.3%-11.4%Ott«jRB x 1250ml + 11.4%-26.8%^a*ffiB. 1250ml*26.8 
%-62.4%coa»}KB, *V^r*700ml^62.4%-100 0 /oCO^lJ^BTfoofCo 12.5mlcO 

-10K*fll*fcAmicori«»«r-e»«U, «lf««:*l«*Lfco 
A. i.v.^glfefiftfil 

EPO N14Sfil«c (>ry^l5~17) ai5*«^y»14©!ll«tt«^?^— ^--Srr 



i^Ci^ 125 ym** 125 I-EPO Ml«HH**fef4 125 I-jfi* 

Xifc hniU hP/Kxfy (Amersham) M£ «t oT^fi310~3 

78gCO*^7°l/-^ • K-y-7yHC»Slt 0.3ml 
<0jfoL«Sr«ttU jS«L>l-J:otjflL»S:»!!Lfco 0. lml^#ifiL?f^^^ 125 I-EP 

o oaskit K ntti>f yjgu* fcttEPO Ni4««f» 90%^*/ — /u& 

^Lfc 125 i-epo*^^* ^^-e# ^ v h u ^hzxtzm^mmvy ^^H13 

{d7f^r o PCNONLIN 4.0*j»^ls!!f»5)'*f (Statistical Consultants, 1992) &m 
o EPO N14«<Hff&t/¥lll-< y»14«>ai««i««»^Jie*4:* 9 fc* fc #>5 0 



(58) 



S9(c^-r«t9tc, epo mmufcoikffi ? v 77^^ii^tt h^y hp 
u<epo mmufr<D3 . oz&m ictt^x i . 78^ t^o m&<D pvt?^* ^mm 
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t b#6ifr#iOCIMIiiBJJS (Papayannopoulou5>, Blood 64 (supp.l) , 116a (1984 
) ) ifflV^fiMHTyt-ftltm-fc. §^t<D^-g-(C*3VNT 125 I-rHuEP 
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0£»fr-raEP0 N140^5f*Sr»Si-5fc«>l^ *|ig»S«>#«B8EP0 N14£- 
^g^<D 125 I-rHuEPOifttcOCIMljBBIBi:^^^*^— hLfc. tkfttLt, 
SStf>#^!$rHuEPO t-^M<7) 125 I-rHuEPO t £ Ittl* 

*««EPO N14SrT yfe>r.a«*^#3RL, 0.03ng, O.lng, 0.3ng, l.Ong, 3 
.Orig, 10.0ng&t/30.0ng KJt*fc*<5<) ^it*»DLfc 0 ^©Ty 

ir-fff^ 0.5ngCD 125 1-ifilftx.fc hEPO*«*nU #C^"C&J0.5x 10 6 CQOCIMISMS 
SrJSJDLfc. Ty^m**^. M*»4>"C3rC-C?2l»IH-f ^^a^-hLfc 
0 -<V^3.^<— > 3 V«, OCIMlttfla^Jg^Lfe 125 I-rHuEP0^b*S^cO 125 I-r 

■X?J*'£?Lfc. tttt^Uy h«r»«U *BlB^tt*Lfc 125 I-rHuEP04r#^;fr * 

3o©7s/t>foa»H 0CIMlM$-O 125 I-rHuEP0CO»^*50%«^S-frS 
^*fC5F^f2.67±0.73ng(7?*a«EP0 N14^>^ KMS-CfeSC^^Lfc, 
|r1C3O0T !yir-f^joV>r, 0.5ngCO 125 I-rHuEP0(O3|g^t jtt^i"S^feJc:^B. 
***»rHuEPOtt5p*S0.51±0.15ng"T?fcoy£io r.*T,bOJ|g*fc£<K £ . EPOS 
^^CO^{d^oV>T 125 I-rHuEPO£j»^£fctofc:te, *a»r-HuEPO (p<0.0 
1) CQ5.25{gCDEP0 N14^S-e*>o^o 

h n t$=.^>&®# t (D^^cm ltepo Ni4«flaff, *WB>r yjBMXtf 

tSrjpLfc. £ Ofe^c^T 125 I - rHuEPO t S^i" 5 ^ , 

(ll3teffil7CtClE*05Blfitft2^e>»b^) EPO N14<Z>iiW 




(61) 1#$¥8-5 0 6 0 2 3 

y 5/ hJt*DtB*S:Jt<Ri-S*:4e>^in vivoWKS:** Lfc 

CDl-^* (^J30g) ^ 0.25%^^^l&Lmryuy ^ V*TH^^nfc±f5P^ 
ft(Olo, *fctt^5*>— # (0.25%"^^^lfiL?ST/^^ V^tfPBS) ' 
3EI-ro'frH-6iil»Btlfirtffi»Lfc. ^<^K«*^iS<5<3iy hu^^Bl 

14Rt/r-HuEP0«*O*/r 90.071 /igSSi"S*i: L^Co EPO NHOJg 

:yww&tM ym\A<Dm^\x K»^**»*s>fc9o.o36#*gfc Lfcii 

UliStc^i-J: EPO Nl4coiS-T y«^— yu-e^L3gU 



14, aMt hEPo^t^EPo Ni4co^-r y^^— yu-ewy^ y * htfsifAoLT 

Mi*0O3FJS«JJeij** (0-110) , ^^^T^rco®^ (0-390) RXft&^h 
? y y Mi*n«rimtLfc (*10) o rttP>o*iJ^S2Pot>i*ix^J:oTt, EPO 
N140i«^ yfl^-zMi, t«Ufcffi<OPJMfc<0 4f^J; 9 t-<^ K(^S«i 
*r*Stt-CfeSi:#x.bix5o EPO N140>flW y»/-^RW y7gl4IS*a&;ifc 

hEP0<fc «9 fcStt-Cfcofco EPO N14(^fi^— yWiif^4>*ffei:Jt«L^t#^t 
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SEQ ID NO (Simmer) : 1 : 

(A) S£ : 30^S*f 

(B) m : ^Sf 

(o m<D%t ■. -*m 

(D)" htfni?- : fflftR 
IS^IJCOaS : cDNA 

CGCCCACCAA ACCTCAGCTG TGACAGCCGA 

SEQ ID NO : 2 : 
' E7IJ49& : 

(A) -ft* :27t£g>tf 

(B) S : Si£ 

(o m<om : -#«t 

(D) h#n5?- : jfcfUK 
gajiJcoSHg : cDNA 

ATCTGTACAA CCGAAGCCTG GAGAGGT 

SEQ ID NO : 3 : 

mm®. : 

(A) g£ : 23&S*t 

(B) a : 

(o me>& ■■ -*m 

(D) htfcis?- : BSM* 

t&tnwm ■. cdna 

GGGCCTGGCC AACCTGTCGG AAG 



(64) 



SEQ ID NO : 4 : 

(A) S£ : 26i£g*f 

(b) w ■. mm 
(o m<D& ■. -&m 

(D) WPiJ- : ttgttt 
IS?iJCD?WI : cDNA 

TCCCCTCCAG ATAATGCCTC AGCTGC 

SEQ ID NO : 5 : 

(A) fi£ : 24igS» 

(b) m ■. mm 

(D) h#ni?-:Mft 
ia^iJoSS : cDNA 

CAGATGCGAA CTCATCTGCT CCAC 

SEQ ID NO : 6 : 



(A) g£ : 33ffiS» 

(B) M : 

(o m<o%c ■. -*m 

. (D) btfni?- 

mm<nmm ■. cdna 

AGGCCTGCAG GAATGGGAGC AGATGACCAG GTG 

SEQ ID NO : 7 : 



(65) 



(a) g£ : 2mmn 

(B) £ : mm 

(C) g(tf>ffe : -*« 

(D) hsKns?- : jfiMMfc 
iE^JOSH : cDNA 

. TCCAGATCCG ACCTCAGCTG CTC 

SEQ ID NO : 8 : 

: 

(A) : 23J££*r 

(B) S! : tttt 
(0 iOt : 

(D) haKni?- : ittfttfc 
ffijljtoa^ : cDNA 

CCTCCAGATC CGACCTCAGC TGC 

SEQ ID NO : 9 : 

(A) g£ : 28igg*T 

(B) S : 

(o ^©isc : -*m 

(D) h#oi?- :1MM* 
ia?iJO@S : cDNA 
KM 

GGGCCTGGCC AACCTGACAG AAGCTGTC 

SEQ ID NO : 10 : 





(66) 



&3c¥-8 - 5 0 6 0 2 3 



(A) : 30igg*t 

(b) m : mm 

(C) fiSOffc : 

(D) . hTKnv^- : KSMK 
@H?IJCSS : cDNA 

en 



SEQ ID NO : 11 : 
IS^JWtt : 

(A) fi£ : 24i£S*f 
■(B)®: SS£ 
(0 gfCCDgc : -** 

(D) hzKov?-:K«t 
Ifi^iJoS^ : cDNA 



SEQ ID NO : 12 : 

(A) g£ : 35i££*f 

(b> m ■■ mm 

(0 i^tS: : 
(D) hxKni?-: 

mn<omm ■. cdna 

AT6CGAACTC AACGGCTCCA CTCACAACAA TCACT 35 

SEQ ID NO : 13 : 
BJiJWtt : 

(A) g£ : 27i£g*f 



CAGGGCCTGT CCAACCTGAC AGAAGCTGTC 



30 



CAGATGCGAA CTCAACGGCT CCAC 



24 
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(b) a : mm 
(o m<vm : -*m 

(D) h#nS>- : jOM* 
ffi?'JcOS^ : cDNA 
E9I 

CCAGATCCAA ATTCATCTGC TCCACTC 

SEQ ID NO.: 14 : 

(A) g£ : 27J£g*f 

(B) a :#H&' 

(C) SKoISc : -** 

(D) h#B'J-:&m& 
&P!<Dmm : cDNA 

CCAGATCCAA ATTCAACAGC TCCACTC 

SEQ ID NO : 15 : 

(A) fi£ : 24^S*f 

(B) 9 : *£8fe 

(o m<om : -*as 

(D) h^ni/- : |« 
®.¥\<DWm : cDNA 

CCAGATGCGA CAACAGCTGC TCCA 

SEQ ID NO : 16 : 

(A) ft£ : 23i£S*T 

(b) a : mm 





8-506023 



(C) SfflS : -** 



(D) h#n5?— : fiftR 



IS?lJcD«2f : cDNA 



AGATCCGACC ACCGCTGCTC CAC 



23 



SEQ ID NO : 17 

(A) : 23&S*f 

(b> m : mm 

(D) : 
le^ijcoffi^ : cDNA 



SEQ ID NO : 18 : 
IB^JIttt : 

(A) *S : 184ttlEM- 

(B) & : #sg£ 
(0 iUKDgfc 

(d) h/tfai?— : mm& 
mmtomm ■. cdna 
mm 

TCGAGGAACT GAAAAACCAG AAAGTTAACT GGTAAGTTTA GTCTTTTTGT CTTTTATTTC 60 
AGGTCCCGGA TCCGGTGGTG GTGCAAATCA AAGAACTGCT CCTCAGTGGA TGTTCCCTTT 120 
ACTTCTAGGC CTGTACGGAA GTGTTACTTC TGCTCTAAAA GCTGCTGCAA CAAGCTGGTC 180 
GACC 184 



TGCTCCACTC ACAACAATCA CTG 



23 



SEQ ID NO : 19 : 
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J?8-5 0 6 0 2 3 



smm : 

(A) g£ : 107i£S*t 

(b) si : mm 
(o i©t : -*m 

(D) h#ni>- :j(MUfc 
la^JWffi^ : cDNA 

mm 

CCTGTAGGAC AGGGGACAGA TCCTCTTCCT CAAAGGCCCC TCCCCCCAGC CTTCCAAGTC 60 
CATCCCGACT CCCGGGGCCC TCGGACACCC CGATCCTCCC ACAATGA 107 

SEQ ID NO : 20 : 

(A) : 108ifiXS* 

(b) m : mm 

(0 : -*« 

(D) h#civ>- : jffgCR 
iE^JoaiS : cDNA 

mm 

GATCTCATTG TGGGAGGATC GGGGTGTCCG AGGGCCCCGG GAGTCGGGAT GGACTTGGAA 60 
GGCTGGGGGG AGGGGCCGAG GAAGAGGATC TGTCCCCTGT CCTACAGG 108 

SEQ ID NO : 21 : 

(a) «s : 23^mn 

(b) m-.mm 

(o mcom: : -** 

(D) h#nv?- : iE«« 



E^J^aa : cDNA 
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GGAGGCCGAG CAGATCACGA CGG 

SEQ ID NO : 22 : 
EJWtt : 

(A) S£ : 23i£g*t 

(b) m : mm 
(6 m<nm. ■. -*m 

(D) h#B^~ : Sgttf 
Ifi^JroS^ : cDNA 

CTTGAATGAG CAGATCACTG TCC 

SEQ ID NO : 23 : 
ia?l]4#14 : 

(A) *S : 21i£S*f 

(B) ® : l£g& 

(o ^<©^ : -&m 

(D) KaRnS?— :|tiltt 
IB^JOSS : cDNA 

CTGTTGGTCC AGTCTTCCCA G 

SEQ ID NO : 24 : 

(A) ft£ : 23^2*)- 

(b) m ■. mm 
(o m<o ■. -** 

(D) hJtfni?- : BSMfc 
IB?'] OSS : cDNA 



(71) ^i?8-5 0 6 0 2 3 

CCTGTTGGTC CAGTCTTCCC AGC 23 

SEQ ID NO : 25 : 

mmmt : 

(A) ft£ : 28T 5 /K 

(B) ^:T^/g£ 

(0 ««>ft : -** • 
(D) hstfoi?- : 

Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg 
15 10 15 

Leu Pro Gly Pro Ser Asp Thr Pro He Leu Pro Gin 
20 25 



SEQ ID NO : 26 : 

(A) S£ : 193T^ JWi 
(B) 

(0 : 

(D) h#n$?— :BMM* 
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Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Aan He Thr Thr Gly Cya Ala Glu His Cya Ser Leu Asn Glu 
50 55 60 

Aan lie Thr val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 ISO 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 
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